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PREFACE

It was with great pleasure that I accepted the invitation of the

Editor of the Pergamon Press Zoological Series to publish in

book form and in English, as an international language, the

results of my research on the Cnidaria, the interpretations of

this research, and the final effects of these interpretations. I was

all the more pleased with this invitation because my first gen-

eral study of this problem appeared 17 years ago during the

turmoils of the Second World War, when I tried to save the

existence of the Slovene Academy of Arts and Sciences at

Ljubljana which was threatened by the occupying powers.

My book. The Turhellarian Theory of the Cnidaria ; The Phylogeny

of the Cnidaria and Their Position in theAnimalSystem was publish-

ed in a Slav language, in the language of the small yet pro-

gressive nation of Slovenes. Added to this text was a detailed

summary written in an international language which could help

various scholars to get acquainted with the contents of the

book. The summary was written in German because I myself

completed my studies at Vienna University.

Since the publication of this book many new elements have

become known in the field of biology, and above all in zoology.

Neither have I ceased with my studies: a whole series of special

papers have been written by me in the meantime which are

closely connected with problems that had only been touched

on in the book. In the international literature there were a

number of reactions to my book and to my subsequent shorter

publications; this was especcially true for my article which ap-

peared in the American review. Systematic Zoology. The publica-

tion of this article was made possible due to the generous help

of an excellent translator, Piofessor A. Petrunkewitch.

American and the English zoologists have shown particularly

vil



Vin PREFACE

great interest in my interpretations and ideas. I have, therefore,

now a welcome chance to answer all the critical observations

that have so far been made as regards my suggestions.

The present volume must not be simply considered as a se-

cond revised edition of the first volume even if I deal in both

these books with the same or at least similar problems. This

book is a completely new work: the foundations only of the

two books have remained the same.

To these few words of preface I wish to add a few more

words dictated by my feelings of indebtedness. Above all, I

wish to thank all those critics of my earlier studies who have

helped me to clarify many points that had previously been

not clear. They must excuse me if I have occasionally used too

vehement words that have been dictated "by the heat of the

struggle." My wish has alw^ays been to convince them. I can

not accept the suggestion made by a prominent scholar that

such revolutionary novelties have to w^ait the till present gen-

eration dies out and the next generation becomes convinced of

the correctness of the new concept.

My special thanks go to my dear friend, Professor Dr. Otto

Steinbock (Innsbruck, Austria). He has not only critically read

my manuscript ;he has also always excelled as a noble colleague.

Without any previous knowledge of our researches, we both

came to the same conclusions regarding the origin of the

Eumetazoa. Each of us has made his researches in his special

group of animals: Professor Steinbock has mainly worked on

the Turbellaria, and I myself mainly on the Cnidaria. Otto

Steinbock came to the conclusion that the Turbellaria, i.e. the

acoelous Turbellaria, must be the most primitive Eumetazoa,

even before I was able to formulate the results of my studies.

As a consequence of this discovery, Steinbock had correctly

made important conclusions especially as regards the way the

Eumetazoa had evolved, and as regards the previously firmly

held theory of the germ layers. He did not, however, succeed

in publishing the results of his research and his ideas. Just

before the outbreak of the Second World War, Steinbock gave
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a lecture on this subject at the International Congress of Cyto-

logy at Stockholm. Only the title of this lecture has ever been

published. This is how it happened that I was the first scholar

to publish these ideas, in spite of the fact that I developed the

same ideas later than Professor Steinbock: this has been

due to various circumstances, among others, also to the out-

break of the Second World War. This fact, however, is not

ultimately so im.portant for the progress of the science itself;

it is much more important that two researchers have reached

quite independently the same conclusions; and that they con-

tinue to collaborate in a friendly way to prepare the way for

the final reception of their ideas. It is unimportant that we
differ in several unessential points ; it seems that we will soon

reach an agreement even on these points. The difficulties we
have to overcome are great; we must struggle against inter-

pretations and ideas which were considered inviolate since the

days of the struggle for the victory of Darwinism and which

were supported by such an authority as Haeckel, and by

many other most prominent names. We must struggle against

interpretations which have been considered as laws, i.e. as

truths, and replace them by new suggestions.

I also wish to express my warmest thanks to the distinguished

publishing house of Pergamon Press which has made possible

the publication of this book in such a full presentation.

I am also grateful to Dr. Janez Stanonik, the translator

of the present text, the original ofwhich was written in German

;

he has completed his task, which has certainly not been easy, to

my full satisfaction.

JOVAN HADZi



INTRODUCTION

It was in 1903, 58 years ago, that I, then a young man who had

just left the classical grammar school at Zagreb, went to Vienna

to study Natural Sciences and above all my beloved Zoology

at Vienna University. For this study I was well prepared. Whilst

at school, I had made a large collection of zoological objects.

I had learnt the richness of forms and the ways of life of the

animal world through my diligent study of Brehm's work on

the Lives of Animals as well as through my field studies. At

Vienna my teachers were the two professors of zoology, Carl

Grobben and Berthold Hatschek, particularly the latter under

whose guidance I also worked on my dissertation thesis.

During my second year at university, a pubUc aquarium was

purchased in Prater by some young Austrian biologists support-

ed by their prosperous parents; in it they established a modern

biological research institute—The Prater Biological Experi-

mental Testing Station (Die biologische Versuchsanstalt im

Prater)— and I applied as one of the first to this place to learn

there the methods of scientific research. Dr. Hans Przibram,

then Privatdocent, was the head of the department; he is the

author of the well known synoptic work on Experimental

Zoology. Hydra was my first object of study. There were nu-

merous green Hjdm in a half-darkened concrete basin; their

exterior looked rather pale. This induced me to transfer the

same Hjdra into a completely darkened place. When these

hijdra began to procreate I could observe what I had actually

expected: their ova were without the symbiotic green algae

so that finally there w^ere at least some colourless ''green" Hjdra

.

Other tests and researches w^ere made in the same place. In

1906 my first results were published in Roux's Archiv fiir Ent-

mcklungsmechanik

.
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From here I went to the Zoological Institute of Vienna

University which was at that time headed by the famous zoo-

logist. Councillor Prof. Dr. Berthold Hatschek. Besides him

there were also on the staff Prof. Dr. Karl Camillo Schneider,

a well known comparative histologist of Invertebrate, Prof.

Dr. Heinrich Joseph, a comparative cytologist, and Dr. R.

Zwicklitzer who worked as assistant. I remained faithful to

Hydra and so I chose "The Nervous System of Hjdra" as my
theme for the doctoral thesis. I succeeded in using methylene

blue as an /;//r^-w/<^>^colouringof the complete nervous system

of Hjdra. In spring 1908, when I was in the eighth semester

of my studies, I became a Doctor of Philosophy. In 1909 the

results of my thesis were published in the Institute's journal

Jirbeiten der ^(oologischen Institute Wien und Triest. This work has

never been surpassed by any other study in the same field, it

has been quoted everywhere, and the pictures published in it

have often been reproduced. Because of the early appearance

of this work and because of the other works written by me on

Hydra and other hydroids (gemmation, migration of nemato-

cysts, etc.) that soon followed, it was not strange that after a lapse

of years I have been looked upon at various congresses of

zoologists and other meetings as being a son or even a grandson

of the "Old Hydra-Hadzi."

After the completion of my studies and after I had passed

in 1907 the state examination, I returned to my country (Zagreb

in Croatia, now Yugoslavia). Here I came, after a short stay at

the local Zoological Museum, to the University Institute of

Comparative Anatomy, headed by Prof. Dr. Lazar Car. I still

continued to remain faithful to hydroids as w^ell as to other

Cnidaria and Coelenterata. It was only when I was called, at

the end of the First World War, to the newly founded Ljub-

ljana University (Slovenia, Yugoslavia) that I extended the

sphere ofmy interest to some groups of land Arthropoda (Chel-

icerata), particularly those which inhabit underground caves.

For more than 40 years I have collected experience and know-

ledge about Cnidaria and Coelenterata, constantly thinking about
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their real nature. Though dogmas are characteristic for reli-

gious systems, yet the same can also be found in science. One
such dogma was, and it still is, the belief in the primary simp-

licity of Hydra, and even more so of Hydrozoa, and so too with

Cnidaria and Coelenterata. It is well known how diflficult it is

to fight against dogmas, particularly when they have been

accepted for so long, when they have been supported by re-

nowned scholars, and when they appear to be well founded.

My initial researches have shown that Hydra is in no way so

simply organized as the simple structure of its body would

seem to indicate when considered from a crudely anatomical

point of view. Soon I saw the first pillar of the proud struct-

ture of Coelenterata collapse. It has been almost generally ac-

cepted that Hjdra and its closest relatives are not primarily

soHtary animals but that, instead, they are derived from ances-

tors that were able to form cormi. Naturally, this discovery

alone could not suffice to make all Hydrozoa the secondarily

simplified Eumetazoa. Nevertheless, with this a good begin-

ning was made.



CHAPTER 1

CNIDARIA AS THE ONLY
COELENTERATA

The Systematic Position of the Spongiae

The next step, apparently without connection with the former,

was made when some well-known researchers especially Sollas

and Delage, came to the conclusion that the Spongiae must

not only be placed far from the immediate vicinity of Cnidaria,

but also that they must be completely separated from the Coe-

lenterata and even from all the remaining real Metazoa, the

Eumetazoa; they must appear completely isolated as an

independent type, as Parazoa or Enantiozoa. We must

consider this separation as being definite, and, in my
opinion, nothing can be changed in this respects by recent

attempts made particularly by Miss O. Tuzet and her col-

laborators.

On the basis of works of older irvestigators, especially

the researchers into the ontogeny of Spongiae (Metschnikoff,

Delage, etc.) it is no longer necessary to defer d the special

position that the Spongiae have as Parazoa (Sollas) in the

animal classification. Recently, however, a tendency has arisen

which aims at a revision of this point of view and tries

to bring Spongiae back amongst the other Metazoa. The
French school in particular, which created the term Enantio-

zoa (Delage), attempts to cancel out the progress that

has been achieved; Tuzet points in this connection mainly

to the following evidence: (1) According to her School,

the Spongiae have a nervous system; (2) the choanocytes

are found in the other Metazoa; (3) the stretching out and

the pulling in of a part of the blastoderm observed in the

1



I THE EVOLUTION OF THE META20A

embryos of Spongiae is not a completely isolated case ( Yol-

vox). On the basis of all this, Tuzet comes to the conclusion

that Spongiae are genuine Coelenterata, and are thus Eumeta-

2oa and notParazoa. In this she is followed by many zoologists,

even by scholars who are not French (Remane, Jagersten, Al-

varado).

Considered critically, one can see that the arguments pro-

posed by Tuzet in favour of the old thesis which holds that

Spongiae are Coelenterates, have a rather weak foundation.

The existence of a nervous system is in no way proved for Spon-

giae, yet it is of great importance in this connection and Tuzet

tries hard to prove the contrary. The pictures of thin sections

that have been shown by Tuzet and her collaborators, have

been seen by many investigators and I, too, have able been

to see them. Yet no one—with one exception that will be

mentioned later— has classified these cells of the central strat-

um with plasmatic processes, as genuine ganglion-cells or

even nerve cells. They have always been identified as simple

cells of the connective tissue from the central stratum which

is filled up with jelly. In all probability these cells are as much,

or perhaps sUghtly more, irritable and able to conduct ex-

citement much as any other animal cell. In order to prove that

these cells, or at least some of them, really have a nervous

character it would be necessary to apply successfully special

selective stains, as for example methylene blue which col-

ours the nerve cells selectivily intra-vitam. If this has not been

done, then at least it would be necessary to carry out some

neurophysiological experiments, and achieve a positive result.

The general behaviour of Spongiae as w^ell as the kind of

reactions they show to various stimuli, make it completely

improbable that Spongiae could possess a real net of nerves,

let alone sensory nerves, as these can with certainty be con-

sidered to exist, e.g. in Hydra, Some time ago, von Lendenfeld

sketched such nerve cells in pictures published by him, yet

nobody believed his allegations or his beautiful pictures.

And even, if there were some of these cells that exist— not
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that they do!—they would be a luciis a non hicendo, since they

would be physiologically meaningless.

Levi (1956) made, after the publications of the school of

Tuzet had become known, an extensive and critical histologi-

cal study of Spongiae, and did not report any finding of a ner-

vous system or of nerve cells in Spongiae. Neither could

such a finding be confirmed by others, e.g. G. Eberl (Eberl,

1950), an excellent histologist from Vienna who used num-

erous staining techniques in her work. Yet in spite of all

this the propositions as well as pictures published by Tuzet

have found acceptance in many schoolbooks, especially in

France.

Neither did Miss Tuzet succeed with her—it can be truly

said—attempt to disprove the law of the supposedly inversed

sequence of body layers in Spongiae. As is well know^n, Metsch-

nikoff and many other famous zoologists after him, among them
particularly Yves Delage, have shown that in the ontogenies

of Spongiae, the early morphogeny proceeds along very parti-

cular lines. We get the impression that during the morphogeny

of Spongiae a process takes place that is opposite to the process

w^hich can be observed in Eumetazoa. The primitive "ecto-

derm," i.e. the foremost part of the spongula, develops into

the definite "entoderm," and the primitive "entoderm" into

skin, this into the "ectoderm." For this reason Spongiae have

been called Enantiozoa (i.e. animals with the two strata of

body inversed) by Delage. Naturally, this inversed character is

relative only i.e. in comparison to the development that can

be observed in Eumetazoa. In fact, wx have here a particular

characteristic of Spongiae w^hich has been developed during

the course of their own phylogeny. It is therefore better not to

speak in connection with Spongiae about an ecto- or an ento-

derm but rather to use special names, e.g. pinacoderm and cho-

anoderm. The facts themselves cannot be changed. Yet Tuzet

gives a description of an isolated case among Calcispongiae

where the extroversion of the spongula blastoderms can be ob-

served. A comparison wdth the only slightly similar case in the
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ontogeny of Volvox, is in this connection completely out of

place. Volvox, is in fact a real alga in spite of its slight resem-

blance to an animal (its spheric form, free swimming ability).

The very rare appearance of an organelle in some Eumetazoa

which resembles more or less the "collar" of the choanocytes

in Spongiae is too insignificant to be used as a proof to support

the thesis that Spongiae are really Coelenterata, and it can be

explained by the fact that both Parazoa as well as Eumetazoa

arise from the ancestors of Flagellata (i.e. the scattered ap-

pearance of similar genes).

Disregarding the fact that the arguments brought forward

by Tuzet cannot be considered sound, we must emphasize that

the principal mistake in this kind of reasoning lies in the wrong

belief that individual morphological or morphogenetic fea-

tures and characteristics can represent the special type of orga-

nisation of Spongiae; in reality, this is represented by their

special "nature," so as to say by the whole spirit of the organi-

sation of Spongiae, and by their way of life. Again and again

it is necessary to point out that the Spongiae have neither a

digestive canal nor an oral opening. To this one could remark

that in this respect Spongiae do not represent a unique case

;

even among the genuine Eumetazoa there are some in which

we can find neither an oral opening nor a digestive canal, e.g.

among the extreme endoparasites, or in the strongly aberrant

Pogonophora. Nevertheless, there is a basic difference between

Spongiae and these cases observed in Eumetazoa. It is beyond

any doubt that in the case of the parasitic Eumetazoa and the

freely living Pogonophora the absence of the oral opening

and of the digestive canal is nothing but a secondary pheno-

menon. Spongiae, on the other hand, indubitably have pri-

marily neither an oral opening nor a digestive canal, and this

is a consequence of their special organisation. The feeding

system with its numerous pores, the canal system with layers

of choanocytes in chambers separated from each other that

serve to maintain the flow of water, the larger aperture for the

discharge of surplus water, and many other things, all this is
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unparalleled in other animals. In addition to this comes the

special kind of ontogeny.

Finally, when we study attempts to construct the phylogeny

of Spongiae as if they had the nature of Coelenterata (Remane,

Jagersten)— these attempts must be considered as quite un-

successful—then it actually becomes clear that Spongiae are

really something "exceptional," and that they have developed

independently from Protozoa, most probably out of Choano-

flagellata. (Hadzi, 1917). Yet even here it remains impossible

to get ahead without a grain of imagination; we must use it to

construct the phylogenetic processes of sponge evolution since

it is completely hopeless to expect that we will ever run into

any new documents which will help us to construct an actual

phylogeny of Spongiae. Naturally enough, such an artificial

construction, too, must be based on the actual facts that are

now accessible. The scheme must be as close as possible to

reality.

Since the Spongiae with their structure, their way of life,

and their individual development represent something different

from all other Metazoa, it must be expected, and actually

reckoned with, that their phylogenetic evolution, too, was a

special one. It is therefore quite improbable that the ancestors

of Spongiae could be similar to gastraea. Here we run into

very great difficulties when we try to construct the origin of

Spongiae. We cannot expect any palaeontological evidence.

We must limit ourselves to comparative morphology where,

too, we are completely unable to make any progress without

some imagination. Nevertheless, our scientific imagination-

let us call it so, though it is usually called speculation—must

be kept in check and within the limits of probability. The

reconstruction must correspond to the factual material that is

available.

On the basis of my studies on Spongiae (Hadzi, 1917) I con-

structed a phylogeny of Spongiae and submitted this to the

International Congress of Zoologists at Budapest in Hungary

(Hadzi, 1929). This construction was later somewhat improved

2
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and is reproduced in the present volume (Fig. 1). According

to this hypothesis the evolution of Spongiae progressed com-
pletely independent from that of Eumetazoa. The starting

point was probably the freely swimming colonies of Mastigo-

phora of the subtype Choanofiagellata. The subindividuals were

Fig. 1. Hypothetical construction of the evolution of the sponges.
A, free swimming phase resembling Proterospongia sp.; B—C, the
beginning of the sessile phase; D—E, erect phase with the for-

mation of chambers; F, primitive phase of the heterocoelic state;

G, homocoelic phase. (After Hadzi, somewhat altered.)

kept together by means of a richly secreted jelly in a way
which can even now be observed among Choanofiagellata in

the genus Proterospongia. The existence of this form of Choano-

fiagellata, which was first described by Saville Kent, was

disbelieved and it was considered that we did not have here an

independent animal but rather a surviving fragment of a real

sponge. In the meantime, another species of the same genus

has been described, so that now we have not only the old s^e-

d.QsProterospongia baeckelii S. Kent, (Grontved, 1956; Lackey,
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1959). In this way the existence of freely living colonies of Cho-

anoflagellata can no longer be doubted. Of course, this can only

be an example in our attempt to reconstruct the phylogeny of

Spongiae. When an organism whichwas similar to Proterospongia

changed to a sessile way of life, the duty to stick to the floor of

the sea was taken over by a small number of basal choanocytes

losing their character as choanocytes. Later, some of the surface

cells that could stretch out freely into water took over the form

offlattenedamoebocytes and the latter developed the peculiari-

ties of pinacocytes. Depressions developed in several parts of

the surface when groups of choanocytes sank deeper into the

jelly. It was probably in this way that several chambers with

pores developed on the surface; the remaining surface was

covered with pinacocytes. The pore of the highest placed cham-

ber developed into an osculum when the internal connection

of chambers was evolved. The water flov.' through individual

chambers was united into a common draining system. The

amoebocytes in the jelly developed partly into the skeleton

cells and partly into the primitive sex cells.

As a result of such an interpretation we find that the homo-

coelous type of Spongiae, the Ascon or Olynthus according

to Haeckel, cannot be primordial but rather a result of a secon-

dary development due to a secondary union of chambers. This

makes it clear that ascon cannot be a gastraea. The freely living

larva, the spongula, which is characteristic for Spongiae and

which actually has a very manifold structure, developed inde-

pendently and thus it cannot be considered to be a recapitu-

lated form. There were no primitive Spongiae whose form

and structure resembled those of the spongulae. The adoption

of a freely living, usually planktonic juvenile stage of Spongiae,

and, herewith, their prolonged ontogeny, corresponds to a

general phenomenon and is a consequence of the transition

to the sessile way of life by the adult form. The sexual stage

together A^ith the development (cleavage, etc.) which follows

fertilization cannot be considered as a proof of the common
derivation of all Metazoa from the colonies of Flagellata. The

2*
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former has been inherited from the protozoic ancestors, the

latter corresponds to a disposition which is common to all

metabionts including metaphytes to develop a multicellular

organism from a zygote (see the conditions in Volvox, a green

alga).

In this way the second pillar of the old concept about Coelen-

terata collapsed with the definite removal of Spongiae from the

relationship with Coelenterata. This was initially made by

Leuckart (1859). The first pillar was the removal of Hydra

from the basis of Hydrozoa.

The Position of Ctenophora in the Animal Classification

It was comparatively easy to show that the removal of Spon-

giae from the vicinity of Cnidaria could be convincingly

upheld; such was their isolation (as Parazoa) from all other

Metazoa. The great differences that exist betw^een Spongiae

and the remaining Coelenterata— the latter taken in the old

sense of the word— are evident since they are both considerable

as well as numerous. As has been already emphasized, we have

here two completely different "spirits of organization" which

force us to consider a different origin. It is clear that though

there are some similarities between Spongiae and Cnidaria, that

these similarities are purely external and can be mostly traced

back to a sessile way of Hfe and to a generally low stage of

organisation.

Considerably greater difficulties have to be overcome if we
try to exclude Ctenophora from the triangle Spongiae-Cni-

daria-Ctenophora. It is clear that Ctenophora stand much
closer to Cnidaria. Both are animals whose digestive organs

have reached the aproctous stage of development ; they have

one opening only, the oral opening. In both, the digestive

tract shows an inclination to the formation of the so-called

gastrovascular system. Due to their life as plankton, a similar-

ity of forms developed, particularly in medusae and Cteno-
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phora, with a rich development of a jelly-like intermediate sub-

stance. Though cnidae are, on the whole, developed in Cni-

daria only, they have nevertheless been found also in a genuine

ctenophore, in Encblora rubra. Furthermore, a coelenterate has

been described which has been considered as an intermediate

form between the two subtypes of Coelenterata (Hydroctena

salenskii Dawydoff). Finally, not without significance is the dis-

covery of ctenophores which, though genuine, have begun to

resemble Turbellaria due to their transition to a benthonic way

of life; they have been explained as a transition form to Turbel-

laria, and in this way a connection of Colenterata with "higher

forms" has been won.

All these facts have helped to support zoologists in their

belief that Ctenophora are real Coelenterata and as such the

closest relatives of Cnidaria. It is surprising to see how the

numerous and fundamental differences that actually exist bet-

ween the two groups of animals and touch not only their struc-

tures but even their ontogenies, make no deep impression on

the majority of zoologists. At the most, the absence of cnidae

in Ctenophora has been considered as an important mark of

difference and for this reason they have been called Acnidaria.

In our discussion we will limit ourselves to the essential points

only; we shall try to show that Cnidaria are basically different

from Ctenophora and that this difference is due to the fact that

both these types of animals have a different origin, even if

these origins are not widely separated from each other. For

this reason we will base our discussion on selected properties

that can be observed in Ctenophora.

One of the principal characteristics of Ctenophora' is their

bisymmetry. This quaUty pervades the whole organization

of Ctenophora to such an extent that it can be observed

already in the fine structure of their ovum and also in their

ontogeny. Something identical— or even anything similar—

cannot be found in any medusa. The basically quadri-radial

symmetry which can be secondarily muhipHed through the

process of polymerization is typical for medusae. On the other
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hand one can observe a development towards a secondary oligo-

merization of individual pairs of antimeres or of individual

antimeres so that finally we see either a single pair preserved,

or a mr.rginal tentacle only, or even none whatever. In this

way a purely external similarity with Ctenophora can natunJly

develop. One such case was formerly described by Ernst

Haeckel who called an Anthomeduea with one pair only of mar-

ginal tentacles, C/^;/^n^ ctenophora (see Fig. 2); by this he washed

to express the palpable similarity that exists with a typical

Ctenophora and in this way point to the possibility that Cteno-

phora had perhaps developed from Hydromedusae. For some

time this comparison had a very great influence upon zoo-

logists; a more precise comparison, however, has finally shown

that these are inessential external similarities only. Ctenaria

remains a typical Anthomedusa and it does not stand in the

slightest degree closer to Ctenophora than any other Hydro-

medusa. The symmetry of the body is not a property which

can be considered unchangeable. On the contrary, it shows

comparatively rapid changes, e.g. when the sessile way of

life has been adopted, or, vice versa, during the transition from

a sessile way of life to that of a free movement. Many instances

could be mentioned in this connection yet it should suffice to

point to the case of echinoderms only. We shall later return to

this question to discuss it in greater details.

It is in no way difficult to show how the bisymmetry has

been developed in Ctenophora. It is a result of the transition

from a benthonic to a pelagic way of life; during this transition

the difference between the ventral and dorsal sides has dis-

appeared. Thus we have here a combination of bilateral and

radial symmetries. The internal organs remained true to the

original bilateral symmetry while those situated on the peri-

phery leaned towards the radial symmetry.

The second main difference between Ctenophora and Cni-

daria is in their tentacles. It is well known that both a majority

of Cnidaria as well as Ctenophora possess tentacles which are

strongly contractile and serve mainly for the capture of the
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living prey. In those cases where there are no. tentacles it seems

more probable that their absence is a secondary phenomenon.

The fact is noteworthy that Ctenophora never form more than

one pair of tentacles, and that they show no leaning to

polymeri2ation which nevertheless can be observed to have

Fip-. 2. An anthomedusa species: Ctenaria ctenophora Haeckel.

(After Haeckel.)
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taken place in several other organs (intestinal diverticulum,

swimming plates).

In both groups we find their tentacles equipped \\ ith parti-

cular specialized monocellular gland cells; on one hand with

colloblasts, and on the other with cnidae. The tw^o forms are

so widely different from each other that they cannot be con-

sidered to have developed one from the other. It seems, how-
ever, as if Enchlora rubra, a ctenophore, stood in apparent

contradiction to these observations. This ctenophore can

rarely be observed and it does not have colloblasts in its two

tentacles, but instead genuine cnidae; these are not only "drawn

up" (i.e. ready to be used) but also kept in reserve, as is the

case with medusae which are genuine Cnidaria. A detailed

analysis of this case (Hadzi, 1951, 1959, 1959a), however, has

show^n that wx do not have here a real exception, but that

instead this phenomenon is not limited to Euchlora only. In

all probability this is a case of the so-called kleptocnidae, i. e.

cnidae that have remained alive and that have been stolen by

the predator from prey which had been devoured. Taku Komai

(1935, 1951), awell-known Japanese zoologist, who has recently

had the good luck to be able to make a detailed study of

Euchlora and who in his work first expressed his opinion that

these cnidae actually belong to the animal, has later become

convinced that we really have here a case of kleptocnidae.

Eiichlora subsists mainly on Narcomedusae and it seems that it

has become so specialized that it has ceased to produce collob-

lasts, its original weapons, and instead "works" exclusively

with cnidae taken over from its usual prey. This certainly is a

very interesting case and it is at the same time at least one

more fact which supports our thesis that the Ctenophora

cannot be directly related to Cnidaria.

Besides the differences which have been already mentioned,

between the tentacles of Ctenophora and medusae, there is

one more which makes it completely impossible— in spite of

their great external similarities— to consider the two organs as

homologous or descending from the same origin, or even to
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be brought forward as a proof of the direct relationship bet-

ween Ctenophora and Cnidaria. The tentacles of medusae have

always and without exception, an intestinal diverticulum in

their axes, i.e. a continuation of the intestine with an ento-

dermal coat and with an intestinal lumen. It is not rare for the

intestinal lumen to be secondarily obliterated. In this case the

entoderm forms a solid entodermal axis which is not unUke a

rouleau of money or a primitive chorda dorsails. In this way the

entodermal axis develops into an internal skeleton. The structure

of the tentacles of Cnidaria is usually described as if they were

composed of an ectoderm and of an entoderm only. Later we
shall try to show in more detail and in connection with the

whole body of Cnidaria that the intermediate layer of the

body participates also in the structure of the tentacles. This

layer usually bears the unsuitable name of a mesoderm or

mesogloea which again creates the impression that we have

here something different from the intermedial layer of the body

of other Eumetazoa. I have therefore proposed for it the name

mesohyl. It is better to speak about the mesoderm only in con-

nection with early ontogenies.

A typical feature of all Ctenophora is the fact that their

tentacles never have an intestinal diverticulum or any entoderm

whatever. As important as this difference is, it is, however, by

no means the only one. Even the way that these tentacles grow

is completely different in the two cases. In Ctenophora the

tentacles actually grow constantly during their whole Ufe time;

their growth continually takes place at the considerably

thickened bases deeply sunk into a cutaneous follicle, while at

the same time the free ends slowly break away. In connection

with this we find in Ctenophora the base is organized in a

completely different way from that of Cnidaria. Without finding

it necessary to enter into further details w^e have the full right

to maintain and conclude on the basis of what has already been

mentioned, that the tentacles of Ctenophora and Cnidaria do

not have the same origin and that we have here a case of

functionally similar, and therefore analogous, organs.



14 THE EVOLUTION OF THE META20A

The difference between the tentacles of Ctenophora and

Cnidaria \\ould be perfectly clear if we could show the origin

of tentacles in Ctenophora as well as in Cnidaria. In both cases

the tentacles are, in all probability, not completely new for-

mations. We presuppose that in both cases the tentacles have

developed out of paired excrescences at the anterior part of

the body (at the "head") of their turbellarian ancestors and

that on both occasions this development was independent from

each other. It should be mentioned in this connection that

paired organs of touch (this in connection with the bilateral

symmetry of the animals) can already be found among Turbel-

laria, once with the inclusion of the intestinal diverticulum,

another time without it. Cnidaria must therefore have descended

from those turbellarian ancestors whose palpi had an intestinal

diverticulum, and Ctenophora from those whose palpi had

none. We can see that in Temnocephala, i.e. in Turbellaria

which have adopted a half-sessile way of life, the polymeri-

zation of these excrescences has already taken place; this has

become even more developed in Cnidaria which have similarly

adopted first a half-sessile and later a completely sessile way of

life. Ctenophora, however, as freely moving animals, retained

the original paired system of tentacles which became specialized

in another direction. In the first case (Cnidaria) the turbellarian

ancestors belonged to a rhabdocoelian subtype while in the

second case (Ctenophora) they belonged to the subtype of

Polycladida, and especially to their larvae that became neotenic

and remained in the plankton during the whole of their life.

In this connection I would like to point to the fact that

in the course of phylogeny, tentacles have been repeatedly

evolved and have either a horseshoe-shaped (the younger phy-

letic stage) or crown-shaped form. This pattern has always

stood in connection with the transition to a sessile way of life

(Entoprocta among the Ameria, in nearly all Oligomeria, and

even in the "lower" Chordata: in Tunicata).

The third peculiarity and at the same time the third point in

which Ctenophora differ sharply from the Cnidarian medusae
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is their combined aboml sensory organ (see Fig. 3). Anything

identical or even similar is completely absent in medusae.

Hjdroctena has been mentioned again and again as if it was an

exception and at the same time an intermediate link between

those Cnidaria which resemble Narcomedusae and Ctenophora.

Fig. 3. Diagram of the Ctenophore organization. (After Hertwig
and Kaestner.)

Hjdroctena, however, as this \\-ill be shown in the ensuing pages

of the present study, cannot be considered to have such a role.

The absence of a static organ in the exumbrella of medusae is

not a mere chance. Its absence in medusae and its presence in

Ctenophora can be easily and convincingly explained.

We shall later see how the part of the body which is turned

upwards in a ctenophore that is freely poised in water corres-

ponds to its anterior part. In Turbellaria, a static organ situated

close under the skin and in the centre of their central nervous
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system has been developed in the same place. This organ has

been inherited by the Ctenophora from their turbellarian ances-

tors, and during the transition it came completely to the surface.

This agrees perfectly with the orientation as well as with the

way of life of Ctenophora. We must not forget in this con-

nection that the Ctenophora must in all probability be con-

sidered to have evolved by means of neoteny from the organi-

zationally simpler planktonic larvae. Naturally, evolution has

proceeded until the present forms of Ctenophora have been

reached. The oral opening was transplaced from the vicinity of

the aboral pole (first the anterior pole, and in Ctenophora the

upper pole) to the vegetative pole (in the creeping Turbellaria

the posterior pole, and in Ctenophora which are poised in water

the lower pole) (see Fig. 2).

Medusae, too, regardless of whether they are Hydromedusae

or Scyphomedusae, live as planktonic animals poised in water,

not with their "head turned upwards" as in the case with

Ctenophora, but rather with their "head turned downwards,"

i.e. with their vegetative pole turned upwards. Thus the oral

opening of medusae is turned downwards; its place corres-

ponds to that of the animal pole since they have developed

from polyps either by means of gemmation budding, (Hydro-

medusae), or by means of transverse fission (Scyphomedusae),

or secondarily, directly from ova. The polyp, the initial form

ofCnidaria, "stands" upright and is attached with its vegetative

or posterior pole to the floor of the sea. The medusa, which

has evolved from the oral part of the polyp, underwent a re-

version when it became a freely-swimming animal and turned

its originally anterior part upwards. Yet this uppermost part

of the medusa is no longer a part of its head as it has remained

in the ancestors of polyps, but instead the oral part has been

removed and is now, so to speak, only at the end of a stem. We
find therefore the surface of the so-called exumbrella turned

upwards when the animal rests, and forward when the animal

moves. The exumbrella is genetically and morphogenetically

empty because it is covered with one layer only of the ectoderm
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and it is not able to form— even if this were useful— a nerve

centre, a brain ganglion, or even a sensory organ of the

type of statocyst. The facts show that this is really so; it

becomes particularly clear in those cases—which are by no

means rare—where a secondary, the so-called hypogenetic

development takes place, i.e. where the original generation

of polvps is left out so that the form of medusa develops as the

only type from the egg, and where, in spite of all this, the

Fig. 4. Hydroctena salenskii Dawydoff. (After Dawydoff.)

exumbrella remains empty and does not possess a vertical sen-

sory organ. This can be understood only if we take into con-

sideration the fact that in medusae their physiological anterior

pole is not their vertical pole, as is, on the other hand, the

case with Ctenophora.

We will now pass to Hjdroctena salenskii which has been

discussed by C. Dawydoff. The name itself of this remarkable

animal shows that it was considered as an intermediate Hnk

between medusae and Ctenophora. Hydroctena has been observed

once and in three specimens only; these were neither sexually

ripe nor, as it seems, particularly well preserved. It has been

thought that it represents a mixture of elements characteristic

for Ctenophora and Hydromedusae, that is Hydromedusae

of the type of Narcomedusae (see Fig. 4). Various authors
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proposed different opinions regarding Hydroctena. Some
have thought it to be an aberrant type of Narcomedusae,

others have considered that it is a ctenophore yet w ithout the

swimming apparatus in the form of eight meridional bands of

plates which is so characteristic for Ctenophora; the least ac-

cepted interpretation has been that it represents a transition

form. I have tried to submit all the known factual data (which

are very incomplete) to a renewed scrutiny (Hadzi, 1958 b).

In this way I have come to the conclusion that in all probability

we have here ctenophores which have developed crippled

forms because their embryos had been damaged by an external

event (storm). In this connection I have referred to obser-

vations, especially those made by C. Chun, according to which

the damaged embryos of Ctenophora continued to develop

into partial forms because of the strong determinism in

their ontogeny. Dawydoff maintained that Hjdroct^na had

no coUoblasts on its tentacles and that instead cnidae had

been found much as can be observed in Narcomedusae.

On the basis of this I have proposed that the supposed

Hydroctena could have developed from the embryos of Haeck-

elia rubra. I have therefore suggested that Hydroctena should be

set aside.

In the meantime C. Dawydoff has published a short notice

where, on the basis of serial sections of Hjdroctena made by

another zoologist, he comes to the conclusion that we have

here a genuine Narcomedusan. The vertical sensory organ,

which was the main point in th:s revision, has been ex-

plained as a form siii generis that has nothing in common with

the aboral sensory organ in Ctenophora, but instead corre-

sponds to a pair of club-shaped marginal sensory organs of

Narcomedusae: this was first transplaced to the vertex of the

umbrella and later sunk into the interior of the same. This

interpretation seems to me completely improbable and at the

same time incompatible with the original description of the

structure of the supposed Hjdroctena as it had been given

by the same author (cf. the conditions of tentacles and of the
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so-called gastrovascular system). I consider that I am justified

in deciding my interpretation as the more probable.

Many other arguments and evidence could be given to sup-

port the thesis that the Ctenophora cannot be directly related

to Cnidaria. The ontogenies of the two groups in particular

are completely different from each other. It may be useful to

mention the so-called ciliary rosettes in Ctenophora for which

there is no homologue in Cnidaria. I think that these ciliary

rosettes developed out of the terminal organs of the proto-

nephridial system in Turbellaria. The examples which have

been given so far should suffice to prove that there are impor-

tant differences between Ctenophora and Cnidaria; yet at the

same time there are also some similarities which are such that

they make it probable that the two groups did not develop

one from the other, but instead independently from two an-

cestors that had been closely related to each other and that had

evolved from the same primitive form. This interpretation

could perhaps be also expressed with the dictum: si duo facuint

idem—non est idem. In both of them the evolution took a new

direction: it was the same in both cases and it tried to adopt

the characteristics of animals Uving a pure planktonic Hfe. In

the case of medusae, the evolution proceeded from a bilateral

symmetric and mobile stage, through a second stage which

was radial symmetric and sessile, to a third stage which was

radial symmetric and planktonic. In Ctenophora the develop-

ment went from a bilateral symmetric and mobile stage through

that of a planktonic larva influenced by the neoteny into the

final planktonic stage. In both cases the ancestors were bilateral

symmetric Turbellaria, but they belonged to two different sub-

groups (see Fig. 5).

To the best of my knowledge no hypothesis that is more

probable, and therefore better, has been proposed to explain

the origin of Ctenophora which takes into consideration so

many of the numerous peculiarities of this small and now
isolated animal group, and which would make it possible to

understand them. Yet even if we do not bother about this



20 THE EVOLUTION OF THE METAZOA

3 O

O o
OS >-i

a-5 ^
ci

«

e o gw u EH ^ o

^ _o >
u^H-^ o
o o a

2 ^ .2

o a
n, o

o ^^

. O

U



CNIDARIA AS THE ONLY COELENTERATA 21

origin of Ctenophora which has now been accepted by-

numerous zoologists, e.g. Sir Gavin de Beer (1954 a), it has

now become completely clear that Ctenophora cannot be

simply considered as Coelenterata that have no cnidae (Acni-

daria). Nevertheless, such an interpretation can be frequently

encountered. The Ctenophora are not Coelenterata and they

are not directly related to Cnidaria even if there is some relation-

ship between the two. Later we shall try to show in more
detail that the Turbellaria, the original form out of which

all Eumetazoa have developed, are also the starting point of

many other Am.eria (lower invertebrates), even of molluscs.

All these groups represent independent units as is true also

for Cnidaria and Ctenophora. Yet it will not do to establish

special phyla for these groups ; the highest systematic category

(taxon) must be reserved for large groups that are basically

different from each other. I will return to the discussion of

this problem later in the present study.

It should be remarked in passing that unknown to me,

I was not the only person who tried to derive Ctenophora by

way of neoteny from the planktonic polyclad larvae. A similar

interpretation of the origin of Ctenophora has been proposed

by W. Garstang (cf. J. I. Brooks, 1954) at approximately the

same time that my thesis was published. Yet the form in which

that interpretation appeared is somewhat unusual for a scien-

tist: it was in a poem (Comic Verses) which was first pub-

lished in 1951 by A. C. Hardy (1954). Nevertheless, this does

not change the fact that an idea has been conceived according

to which the origin of Ctenophora must be sought in Miiller's

larvae that remain in the plankton and whose evolution is

influenced by neoteny.

It has been now generally accepted by all zoologists that the

Spongiae represent a blind side branch of the animal kingdom,

which means that no other higher type of animal has been

developed from them. We have, therefore, no further interest

in the Spongiae. We shall return to discuss them only when we
deal with the problem of the origin of Metazoa. On the other

3
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hand, however, attempts have been made to see in the Cteno-

phora an initial stage for a higher development. This was sug-

gested in connection with the discovery of certain species of

Ctenophora which do not live in the plankton as is typical for

Ctenophora but rather on the sea bottom, and for this reason

have been correspondingly changed, especially in their external

forms (Platycfenea). They have been thought in this con-

nection as a possible transition to Turbellaria: but the speci-

alists have been able to show that these are genuine, though

specialized, Ctenophora. In this way, the Ctenophora, too, as

the third element of the old group of Coelenterata represent

a blind side branch of the animal kingdom: no higher type of

animals has been developed out of them. Though there

are some connections between Ctenophora and Turbellaria,

these connections are in my opinion exactly opposite to

those as viewed by the old interpretation. The Ctenophora

should be considered to have evolved out of a turbellarian

form due to their transition from a life on the bottom of the

sea, when they had a pure bilateral symmetry, to a life in the

plankton, with a change of their symmetrical structure to that

of bisymmetry. A detailed comparison of Ctenophora and

Turbellaria brings to light a large number of common charac-

teristics and peculiarities, particularly if in connection with the

latter we take into consideration the planktonic larvae of

Polycladida. The difference, however, can be explained on one

hand as a result of the neoteny, and, on the other, as being

due to the adoption of a freely moving Ufe in water. This

latter specialization makes it particularly impossible to regard

the Turbellaria as having evolved from the Ctenophora.A small

but welcome contribution which supports my hypothesis of

the development of the Ctenophora from the Turbellaria has

been the recently proposed theory (Hadzi, 1955) which tries

to find the origin of the so-called ciliary rosette organs of

Ctenophora in the turbellarian protonephridia. There are pre-

sent-day zoologists who have assumed a critical attitude

towards all attempts which try to explain the formation of
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new animal types b}' way of neoteny. This scepticism, does not

seem to be justified in spite of the fact that not all such attempts

can be considered to have been very successful. New animal

forms—and not only new animal types—have in numerous

cases been developed by way of neoteny (cf. de Beer, 1958).

Cnidaria as the Only Coelenterata

Now that we have succeeded in isolating the Cnidaria, the

concept of the Coelenterata which has been so widely used

during the last hundred years has been reduced to one

group only. In this connection the question arises w^hether

it is still wise to continue to use this concept as well as the

name Coelenterata as opposed to Coelomata. The fact that

we have reduced the contents of the Coelenterata to a single

group, can certainly not be considered as sufficient to allow

us to question its existence. As a matter of fact, classifica-

tions can occasionally be found where "Coelenterata" ap-

pear in which Coelenterata are represented by the Cnidaria

only. It can be easily imagined that Coelenterata—considered

as a necessary stage in the evolution— are represented by one

subtype only, by Cnidaria. Yet in this case it would be necessary

to make it probable, if not proved, that the Cnidaria have deve-

loped as the first Eumetazoa from the Protozoa; a supposition

which again, if taken alone, could not be sufficient because

it would be necessary to show further that the next higher

animal group which, according to the present opinion, are

Tubellaria, have developed from the Cnidaria.

I will try now to prove or to show it more probable that

the Cnidaria are neither the first (i.e. the lowermost) Eumeta-

zoa, nor the ancestors of the next higher developed Eumetazoa,

the Turbellaria. Since 1944,1 have defended this thesis and

supported it in numerous articles (Hadzi, 1946—1959.). The
fact that my book appeared during the Second World War
and in Slovene, a language of a small though progressive

3*
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Slavic nation, has been of considerable disadvantage even

though the Slovene text appeared together with an extensive

German summary. This book was followed by later publica-

tions in international languages. The thesis has become best

known and discussed through an article published in the

United States in the journal Systematic Zoology ; the article

was beautifully translated into EngUsh by Professor A.

Petrunkevitch for whose translation I wish to express here

my warmest thanks. There was no visible reaction to my
short lecture given at the Fourteenth International Congress

of Zoologists held at Paris. A further essential contribution

to the propagation of my ideas was made by Sir Gavin de

Beer's 'Evolution as a Process which contained an article writ-

ten from a sympathetic point of view by G. S. Carter (1949,

1954.), and in the German-speaking area by Professors

Ferdinand Pax, (1954) Dr. Otto Steinbock, and by the

palaeontologist Miiller (1958), among others. An important

contribution to the development of my ideas has been made
by Hanson (1958) who discussed the consequences my theory

would have for the estimation of the true nature of Cnidaria.

It had been expected as well as desired that there would be

several critics of my thesis (among them some well-known

scholars, e.g. Beklemischew [1958], Laubenfels [1955], Carter

[1949, 1954], A. Remane [1957], L. H. Hyman [1940-1958]).

No criticism has yet been published which 1 consider to the

point and which I would be forced to accept; there have

been no critiques which have weakened my conviction or

even forced me to abandon my theory. The majority of

remarks do not even touch the core of my concept, i. e. my
hypothesis about the origin and the position of Cnidaria in

the system of the animal classification, but instead they dis-

cuss the numerous and important consequences of this hypo-

thesis. These consequences undermine the basic pillars of

the old concept. It is, therefore, not surprising that they

have provoked sharp and occasionally even agressive crit-

icism.
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The three types of Metazoa, Spongiaria, Cnidaria, and

Ctenophora, have not been united into the higher unit of

Coelenterata not only for the reason that they lack a secondary

body cavity, the coelom (I prefer to call it perigastrocoel)

,

since there are many other groups of lower Coelomata where

the same coelom is absent; but rather because they represent

with their general organization a lower stage of development.

This, however, does not suffice, as has been demonstrated,

to unite them all into one group. The organizations of

all these animal groups are different from each other. The
thing above all which has to be done if we wish to place

them into one common higher systematic category, would

be to prove a common origin of all these three groups.

This was not necessary in the days of Leuckart. After the

general acceptance of the Theory of Evolution the problem

was solved first by E. Haeckel, and later by numerous other

zoologists (E. Metschnikoff, B. Hatschek, C. Claus, L. v.

Graff, the two brothers Hertwig, R. Lankester, A. Balfour,

and many other zoologist up to the present day for example,

A. Sachwatkin, A. Remane, L. H. Hyman, etc.), in a very simple

and quite obvious, way. There was a simply-built primitive

form which, though variously called (gastraea according to

Haeckel, placula according to v. Graff, parenchymella accor-

ding to Metschnikoff, and planula according to Lankester),

and differing in details from one another, is, nevertheless,

essentially the same. This primitive form has been used

in connection with the ontogenetic stages and declared to

be the common primitive form of the recapitulation theory

as it appears in the "fundamental biogenetic law" proposed

by Haeckel. According to this theory three different types of

animals have been developed from the one polarized bistratal

being which resembled a gastrula. The development diverged

in three different directions, and as a result of it we have

the Spongiae and Cnidaria which have adopted a sessile way
of life, and the Turbellaria which creep over the surface of

the sea bottom. The Ctenophora, however, have been usually
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considered— as it has been already mentioned— to have evolv-

ed from the Cnidaria, and not directly from the blastea. The
Tubellaria, finally, have been thought to have developed from

the Ctenophora. The main idea has been to derive the lowest

Metazoa from a ciliated gastrula-like primitive form, which

itself has been supposed to go back to an organism resembling

a blastula, and this finally to a colony of Flagellata. Even

nowadays this same theory is proposed w4th an admirable

ardour by A. A. Sachwatkin (1956) on the basis of Metschni-

koff's parenchymella theory.

Since in a classification which should be natural, i.e. phyloge-

netically founded, a similar or even identical level of organiza-

tion cannot be considered sufficient to bring together several

groups into a higher unit ; it is also necessary to prove that

thev have descended from the same ancestral form. In the case

of the Coelenterata it has been attempted to prove again and

again— or at least to make it seem probable— that they have a

common origin. These attempts, however, cannot be conside-

red to have been successful. The completely artificial construc-

tions such as those proposed by Remane (1950) and by those

who followed him, e.g. by Alvarado and Jagersten—to

mention three recent attempts only—have been completely

unconvincing.

The isolation of Cnidaria alone, after the withdrawal of

Spongiae and Ctenophora, would not suffice to cause the

abandonment of the higher category of Coelenterata. It

would now be necessary to prove that there is a basic difference

between Cnidaria and the animal groups that stand closest

to them, and, then, all other animal groups (the so-called

Coelomata, or, according to Ray Lankester, Coelocoela), as

has been the case with Spongiae. This difference was be-

lieved to have been found in the fact that Cnidaria are

real "Gastraeadae," i.e. animals with their body built of two

body layers. For this reason they have been called Diblastica,

Didermique, etc. Furthermore, and in connection with this,

the Cnidaria have no coelom cavities and in particular no
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perigastrocoel. Later I will show that the assertion according

to which Cnidaria are built of two body layers does not agree

with actual fact. The true coelom, which I call perigastro-

coel, and which alone would allow us to call the bearer of

such a coelom, a coelomate, does not occur earlier than in

AnneHda, the lowest subgroup of Polymeria.

Even if the Cnidaria remain, on the basis of their actual situ-

ation and not on that of a hypothesis, isolated from the two
other supposed members of Coelenterata (Spongiae and

Ctenophora), they are not yet distinguished from other lower

invertebrates, i.e. from my Ameria or from the primarily

unsegmented animals. We must search for their connection

downwards, i.e. for the point where they have branched off;

that is, we must search for it among the freely moving bila-

terally symmetric ancestors, that lived on the bottom of the sea

and whose organization shows a somewhat higher develop-

ment. This must be proved, or at least made probable, and

it will be my duty to try to do this in the present study.

A detailed comparison of Cnidaria with Ctenophora shows

that these two groups of animals, which for a long time have

been grouped together with Spongiae into the phylum

Coelenterata, do not even stand in a direct mutual relationship.

In my opinion they have evolved independently, each from

its own ancestor. In this way Cnidaria are the only animals

that remain in the large group of Coelenterata.

Yet before we begin to tackle our main problem, to try

to identify the origin and the true nature of Cnidaria, it may
be useful to discuss first those methods w^hich have been

used in connection with the solution of our problem.
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Something About the Methods That Can Be Used
in Connection with the Construction of the Natural

Animal System

It should first be mentioned that we are discussing here

a phylogenetic construction which should form a basis of an

attempted reform of the system. This touches the very roots

of the concepts that have so far prevailed with regard to

classification, and the consequences can be of considerable

importance. Furthermore, it should be mentioned, even if it

seems superfluous, that I base my work constantly on the

neo-Darwinian principles of evolution. I find any idealistic

morphology, or any system based on it, and any purely idea-

Hstic taxonomy, unacceptable ; they are both out of date as

well as unscientific. Modern zoologists are endeavouring to

construct a natural animal classification which, in agreement

with this, must be based on the supposed phylogenetic develop-

ment. The results, for better or w^orse as they are achieved,

depend above all on our present positive knowledge—which

is an objective element— and, naturally, to a certain extent

on the scientific w^orker—which is an unavoidable subjective

element. We can make no progress either with agnosticism or

with an ultraconservatism, if it is Unked with a complete

absence of the creative imagination. It is therefore necessary to

form a reaUstic concept even in those cases where the obstacles

we have to overcome are due to our present insufficient

knowledge. In this connection we must not be afraid to dare

to conjecture or to use our imagination. Yet at the same time

we have to be aware of the fact that these are hypothetical

constructions only. They have not been made for all eternity.

It would be detrimental to our progress is we reject on

principle and without discussion, any more or less daring

construction; if we declare any work of this kind to be a pure

waste of time; and if we look upon it disparagingly as is

frequently the case. The numerous and mutually different

attempts to construct the animal system that we have met even
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in the present day, prove that we are still far from the ideal

solution. Many difficulties arise from this situation, especially

in the field of teaching. I tried to seek a redress to this

situation at the Fourteenth International Congress of Zoolo-

gists which w^as held at Copenhagen, and I proposed to find

a unified or compromissary animal classification which could

serve our practical purposes (Hadzi, 1956 a). Due to my
proposition a committee and president have been elected,

as yet without any further results. It is possible that this

attempt was made too early, or that it was discarded because

it was considered as being impracticable.

Fortunately enough, the interest in the problem of phylogeny

and, in connection with this, of the construction of a truly

natural animal classification has been recently reawakened.

As an illustration I can mention the reaction which occurred

when my article appeared in Systematic Zoology (Hadzi, 1953).

It is perfectly natural that such reactions were not always

favourable, or, even constructive in regard to the new propo-

sition. It is not easy to convince those zoologists who have

been trained in long established concepts which they firmly

accept, that these old concepts are actually untenable. Max
Planck, if I am not mistaken, once stated that one is more

Likely to see the defenders of the old concepts die out before

becoming converted to new interpretations. It is now time

for the new generation, one free of tradition, to proceed

critically and make the decision.

Some progress has nevertheless been made in the field of

phylogeny; this can be seen in the fact that the "variation

width" of hypotheses and theories, and thus of concepts,

has finally become somewhat narrower. An objective, even

if sharp, discussion can always be useful.

In my opinion, in this area of biology one can arrive at

a new concept, at a new evaluation which has a synthetic

character, mainly along two lines. Either we succeed in making

a new discovery, a discovery of a brand new fact, e.g. of a

new fossil or of a living animal which has been unknown
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SO far ("a living fossil"), or we succeed in establishing new
facts— facts which had not been known previously— through

our study of the structure and of the ontogeny of a known
animal species. The new fact must throw a new light on our

present concepts. The second way that can be taken which,

even if harder, is in reality much less dependent on a mere

chance, is that of a profounder comparison or of a juxtapo-

sition of facts that are already known. It enables us to discover

new relationships. Frequently we find this second w^ay to be

connected with the discovery of mistakes made by earlier

authors when they had formulated their final conclusions or

in relation to methods which they had incorrectly used. This

second way has been pursued in our investigations.

In our case, that is in the study of the origin of Cnidaria,

it is impossible to expect that we will be able either

to find the corresponding fossil-material or to make
direct observations; and so it is clear that we must rely on

the comparative method as applied to the present living

species. The fossil documents that have been found belong

exclusively to the skeleton-building Cnidaria: with a few

exceptions they are all impressions of fully-developed

medusae. We can see, however, that even in those cases

where a much richer fossil-material stands at our disposal

(e.g. in Vertebrata) and where we are able, on the basis of

the fossil-remains of skeletons, to make far-reaching conclusi-

ons with regard to the structure of the "soft" parts of their

bodies, that even here we must use the comparative method

in its full extent in order to be able to make correct interpreta-

tions of facts i.e. to reconstruct the way the evolution had

taken.

It should be mentioned in passing that only humble results

have been achieved so far by means of the biochemical method

in our study of the degrees of relationship, even if considerable

expectations had been originally placed in this method. The

chemical processes in question are certainly very complicated

and the special serum methods that have been used till now
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are not yet fully developed. In the future we can with certainty

expect more important results from this method. My invitation

to biochemists to check, by means of the serum method, my
hypothesis of the closer relationship between Cnidaria and

Turbellaria has remained, to the best of my knowledge, so

far without any response in the international literature on

the subject.

It has been already mentioned that we cannot expect to

find fossil remains of the early stages in the evolution of

Cnidaria, since possibly no species belonging to them had

existed at that time which could have left some fossilized

traces. Yet even those traces w^hich go back to more recent

times arenotunimportantfor our purposes. Somewhat doubt-

ful kinds of remains belonging to Cnidaria are known, that

date from the Middle Cambrian. They belong to the now
extinct Tetracoralla. No remains that can with certainty be

attributed to Hydrozoa can be found earlier than in the

Upper Triassic; some partly uncertain forms that resemble

the present-day Campanulariae date from the Silurian. Impres-

sions of Scyphomedusae that can be easily identified go back

to the JVIiddle Cambrian.

According to Schindewolf (1950), who in his studies paid

special attention to the evolution of corals, the earliest remains

that can with certainty be attributed to Madreporaria, and

thus to Anthozoa, belong to the Upper Ordovician (which

was formerly usually called Silurian). They evolved rapidly

and differentiated into numerous species, some lived a solitary

life (this is very important in our connection!), and some

which formed colonies or cormi and which began to build

coral reefs. Similar earUer reefs had been built by the Archaeo-

cyathidae, which are now considered to have been a kind

of silicious sponges. Fortunately enough, we find sclerosepta

even in the earliest stone-corals; this enables us to study

their internal structures, i.e. the distribution of the sarcosepta.

It has even been possible to trace the ontogenetical develop-

ment of their septal apparatus. In this way Schindewolf
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has been able to prove not only that in pterocorals the distribu-

tion of septa is bilaterally symmetric, but also that even

the first anlage of the septal apparatus was bilateral ("the six

protosepta show a distinct bilaterally symmetric develop-

ment" Schindewolf, 1950, p. 179). Later, a secondary radial

(hexamerous) symmetry has been developed from the

former. It must be emphasized that according to Schinde-

wolf (1950, p. 181-2) "the Palaeozoic pterocorals form the

ancestral forms of the now living stone-corals. Together with

the latter they must be included in the order of Madreporaria

which had been previously limited to the recent forms only."

The fact is established by Schindewolf that this orthogenetic

course of evolution which goes from an internal bilateral

symmetry to a full cyclomeric radial symmetry has not been

completely carried through even in the present-day Madre-

poraria. It will be later seen that this has been first achieved

in Scyphozoa, and particularly perfectly in Hydrozoa. Here

we meet with a phenomenon which is especially important

to a phylogenist: it enables him to make well-founded con-

clusions about to the interrelationships on the basis of a

comparison of recent forms only.

Again it can be stated that fortunately enough for phylo-

genists, the phyletic evolution of animals did not take such

a course that it evolved along a single progressively advan-

cing front so that the present day fauna would consist of the

most advanced vertebrata only, actually of only one

species: man. Even now we can find, so to say, in one and

the same pool, various forms living together: Flagellata, amoe-

bae, Turbellaria, snails, Annelida, insects, Bryozoa, fishes,

frogs, etc. Thus we have old types which themselves have

undergone further development and which in this way have

become more differentiated, together with new types which

are constantly emerging yet which are not necessarily always

the more progressive forms. The primitive characteristics have

not been preserved in the older types of structures only, but

also in structures of some younger forms. These latter
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forms are particularly interesting to a phylogenist. It is

only necessary to identify these primitive characteristics

which had been typical also for their ancestors, and to inter-

pret them correctly. Comparative morphology leads us to find

these true homologies.

In our morphological comparisons we take into considera-

tion above all the stages reached by the grown-up animals.

This is a point that has been accepted by all morphologists.

In Protista we consider the so-called vegetative stage in their

cycles of development to correspond to the grown-up stage

in metabionts. Secondarily, we have to take into consideration

the succeeding stages in the individual, or ontogenetic, develop-

ment, starting with the zygote (the fertilized &gg) or even

with gametes and with the gametogenesis. The comparison

can be made either between various grown-up forms, or

between various stages of its development, or, finally, between

the grown-up forms and their stages of development. Naturally

the latter kind of comparison is to be preferred.

Here, however, we meet with a problem which has been

widely discussed and which has provoked the sharpest contro-

versies among the zoologists. This is the question of the rela-

tion between ontogenies and phylogenies. The way we under-

stand this relationship will be decisive to a large extent for

the kind of conclusions we shall reach in individual cases.

Here we cannot possibly start to discuss this whole prob-

lem; it should suffice to refer to the book by Sir Gavin

de Beer, Embryos and Ancestors. Purely as a result of my
own research in Cnidaria, and not as a result of the study

of the corresponding literature, I came to the conclusion

that the now prevailing concept of this relationship which

finds its culmination in the well-known "fundamental bioge-

netic law" as it has been proposed by Ernst Haeckel, must

be basically wrong. The facts that can be established on the

basis of a study of the structure as well as of the individual

development of Cnidaria disprove decisively the very spirit

of this rule (it is better not to speak about laws within the
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field of biology) which wishes to see a recapitulation of

the phyletic stages (i.e. the characteristics of the grown-up
forms) in the ontogenies of their descendants, i.e. of the recent

animal species. Garstang, was the first scholar to make it

clear that the ontogenetic morphogeneses which are cons-

tantly repeated in each succeeding generation are also cons-

tantly changing.

The changes in the ontogenetic process, whether the

introduction of new characteristics or the loss of charac-

teristics and peculiarities which had previously existed, cannot

possibly be considered to originate in an adult stage. It is only

if we accept the standpoint of Lamarckism, that we could

take a possible recapitulation of characteristics of the grown

up individual into consideration.

In this way, and to the great regret of the comparative

morphologists, the recapitulations which can take place during

the ontogenies will be found to be limited, even if not

completely eliminated. It is not true when it is said— as

this can be frequently heard— "that Haeckel's law is not

generally valid but that instead its validity is only Hmited ;"

in reality this supposed law is basically wrong. Nevertheless,

there are recapitulations in ontogenies and these recapitu-

lations are such that they can be of good use and service to

a phylogenist. It is necessary to proceed very cautiously when
in search of these recapitulations. One must be constantly

aware of the fact that these are really ontogenetic characteris-

tics that are recapitulated. This, however, does not exclude

the possibility that these same characteristics eventually

appeared in the grown up stages of their ancestors.

These characteristics remain, even if they can be observed

only under special circumstances of morphogeny, in spite of

the fact that they had long been lost in their grown-up stages

because of suppression due to the natural selection. In this

way the phylogenist is fully justified in using those characte-

ristics that have developed during ontogeny for his conclus-

ions regarding the interrelationships between such animal
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types which he wishes to compare; but this must be done
cum grano salts.

Even those peculiarities of different ontogenetic stages for

which the unsuitable name of Caenogeneses (foreign or

tampered peculiarities) has been invented by Haeckel, could

be profitably used. Yet in this connection it is necessary to

be even more cautious. I think that at this point morphologists

have gone much too far, especially when they tried to develop

the classification of animal types into large units on the basis

of similarities that can only be observed during the earlier

ontogenetic stages, e.g. during the segmentation of the egg,

during the formation of the entoderm, etc. To demonst-

rate the above statement we may take the systematic category

of Spiralia. A special type of cleavage, of the forma-

tion of the blastomere— the spiral type—is common to all

animal types (this of course is not without exceptions) even

if they show great varieties in their structures. Will this

type of cleavage prove the common origin of all the animal

species in which it appears, and should we therefore in a

natural system comibine all of them into one large group?

I completely agree with Steinbock's suggestion to look upon
these types of division from the point of view of the evolu-

tionary mechanics (I like to speak in this connection about

an "ontogenetic technique"). The type of cleavage usually

depends on the quantity of the reserve food and so it appears

in various forms within the narrow frame of a systematic

category. Sacarao (1952) has described many examples in

this connection which he explained in the same way. The

phylogenist finds it useless to speak about Spiralia because

among these there are whole groups that are no "Spiralia"

whatever.

A special treatment is needed in the case of those ontogene-

tic stages that live freely and— as larvae—have had a progres-

sive development which has been, say, in other surroundings

and with another way of life than the corresponding grown-up

forms. These cases are important for phylogenetic purposes.
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The situation is usually such that the grown-up animal

types— actually with widely different kinds of structure— live

on the floor of the sea, lead a benthonic life, while at the

same time their embryos have developed into planktonic

larvae. The way that this case is presented here shows that

we consider the life on the floor of the sea to be primary,

and that in the open water, i.e. in the plankton, to be a

secondary result of the development. In fact, the larval

stage represents a prolongation of the ontogeny. In no way can we
consider these larvae to be ancestors of any recent animals

that live on the floor of the sea. We have no recapitulation

of some stage reached by their ancestors, as is the case with

some other stages in ontogeny In spite of this the larval

stages can be of good use in our study of phylogeny. Larvae

of some animal groups, e.g. those of Crustacea, have very

characteristic forms and structures (in this instance the so-

called nauplius) . These forms are so firmly established in the

whole that they are present even when the grow^n-up forms had

been much changed so that they can hardly be identified

—

whether this change be due to an adaptation of the benthonic

way of life or to a strong parasitism. A similar case can be

observed in Tunicata (Kowalevski). In such cases it is our

right to consider larvae as evidence that species do belong

together whose larvae have the same forms and structures.

It would, however, be completely wrong to conclude on

the basis of these facts that an ancestral form is being recapi-

tulated in a nauplius. The example of Crustacea itself shows

that it is not impossible that the larval stage, the nauplius,

disappears. In the transition from the sea to fresh water, the

free larval stage—the nauplius—becomes embryonaUzed. Fre-

quently, this change is hardly noticeable. The free living stage

of ontogeny had possibly originated in various levels which the

evolution of the animal had reached, and it can also depart

more or less from the "normal" type. Not infrequently (e.g. in

insects) we find the main part of the individual existence

transferred to the larval stage. In these instances the
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life of the adult stage can become very short: particularly

in the case of male animals, so short that it just suffices for

propagation. In these instances, the differences between

a larva and its imago have become so considerable, both

with regard to their structures as well as their ways of

life (the type of feeding, the sphere within which the animal

lives) that finally a great crisis occurs and the ontogeny

which can only be overcome by way of an extremely radical

method i.e. that of the total metamorphosis. These instan-

ces have the character of true catastrophies which, however,

can fortunately enough be mastered. In the case of strongly

developed parasitism we can frequently observe that a larva

which has preserved a free mode of life, reaches a higher

level of development than its grown-up form.

Beginning with Turbellaria and ending with Amphibia

among the Vertebrata, larvae have had an important role du-

ring the levels reached in evolution. It is therefore not surp-

rising that attempts have been made to use larvae as a basic

element in the construction of a natural (i.e. evolutionistic)

animal system. This is particularly true for those zoologists

who came under the influence of the supposed "fundamen-

tal biogenetic law" as it had been formulated by Haeckel.

It was all too easy to accept the possibility that in larvae,

an ancestral form is being recapitulated and that for this

reason all smaller groups whose larvae show a certain degree

of similarity must have (1) a common ancestor, and (2) the

form of this common ancestor must have been basically

the same as that of the recent larva. In spite of the fact

that these theses have been found to be essentially untrue,

they have proved useful in the struggle for the recognition

of the theory of evolution. This particularly in the sense that

they have numerous well-known zoologists to make "emb-

ryological" studies of such species and groups of animals

where natural relationships are not clear. It had been hoped
that the better known ontogenies could prove useful in

attempts to unravel these connections. The facts which have

4
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been discovered in this way have had an enduring value

in spite of the fact that they have been arrived at by way

of some wrong initial presumptions.

It was soon found that the larval stages, as well as complete

ontogenies, proved useful for the construction of the natural

system even if one did not employ the "fundamental bioge-

netic law;" it is only necessary to change the basis of such

comparisons and to make these comparisons exclusively

betW'een various stages of development, even if the results

reached in this way seem to be less important and certain.

We can now state—and this with considerable certainty— that

in a comparison of ontogenetic stages the chances of suc-

cess are the greater, when the older stages are compared.

It must be initially expected that in comparison to the

primitive forms, the greatest changes will be observed in

the youngest or initial stages of the ontogeny, since these

are not only phyletically the oldest but also in their organi-

zation, the simplest stages. Here Caenogeneses may often take

place. This is particularly true in the case of those animals

whose development occurs from the very beginning in free

water. It is therefore better to omit the early phases of

ontogenesis from phyletic constructions, or, as is fre-

quently heard, from our speculations.

Let us bypass the intermediate ontogenetic phases and

discuss the phyletically oldest larvae. The planula of Cnidaria

has generally been considered to be such a larva partly because

the Cnidaria are believed to be the oldest Eumetazoa and

partly because the planula has the simplest structure, i.e. it

corresponds to HaeckePs gastraea. It consists of two layers

only and it has neither an intestine nor an oral opening. The

next form which follows the planula is the famous trocho-

phore. This development frequently takes place by w^ay of

an intermediate form of protrochophora.

Because of its simplicity the planula has given rise to

conjectures regarding the primitive form of all Metazoa. The

planula has generally been considered as a very primitive
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form even if it does not have a feeding or a digestive system

and even if it lives for a while on the reserve food it had

obtained from its maternal organism. The structure, however,

of this planula is not quite so simple even if it does not yet

possess organs ; it is well differentiated both histologically and

cytologically. The tissue that can be observed in its interior

does not correspond to an anlage of an intestine, to an

entoderm; it is rather an "entomesoderm."

The planula, however, is a pure larva and by no means

corresponds to a primitive form of the ancestors of Cnidaria ;

it is impossible to imagine the existence of a freely living

Eumetazoa without an active digestive apparatus. As is the

case with other animals that live on the floor of the sea, and

particularly those that lead a sessile way of life, so it was

with Cnidaria when they developed their specific larva which

lived in the sea plankton and which was characteristic of

them. We can speak here of a metamorphosis in Cnidaria

even if it is not a very radical one. In numerous Cnidaria,

with the exception of the Scyphozoa, the next higher ontoge-

netic stage, which is called the actinula, develops from the

planula during its free life in the plankton. This can be

explained as a case of paedogenesis and here we can see a

formerly older phase, which had developed on the floor of

the sea, transferred into the larval period. It is my belief

that it would be possible to find early stages in the onto-

genies of animal groups that stand higher in the animal

system, where the same stages would resemble that of the

planula in Cnidaria. It would only be necessary to make the

effort, though this seems hardly worth while. It is perfectly

clear that it would be wrong to make any conclusions about

relationships from this. Neither would it be sensible to

speak here about some modified planulae.

The same is true for the trochophore, the next higher stage

in the ontogenetic development. It is by no means difficult

to show that all those stages that have been called trochop-

phores, are neither identical nor homologous. A modified

4*
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trochophore can occur only within the limits of an animal

group which is uniform both phyletically as well as from the

point of view of the comparative morphology. Yet in this

case it would be senseless to speak about a modified trocho-

phore. In my opinion we should dispense with special new

names for each different larval form and drop those that

have been already accepted. These names were given in former

days when specimens were found swimming in the sea plankton;

the puzzled scholars did not know where these animals

belonged and since each child must have its own name,

names were given to these specimens as if they were indepen-

dent organisms. It was later found that these specimens wxre

really larvae of some known or even unknown species. The

names, however, have been preserved together with their

suggestive influence, particularly in those cases where there

is some similarity between several larval forms which have

for this reason previously received a common name.

As long as the name trochophore continues to be used it

should be Limited to the planktonic larvae ofAnnelida only. Lar-

vae ofanimal groups that stand either below or above Annelida

in the animal system should not be called trochophores even

in cases where they resemble the latter ; these similarities are

due first to analogous ways of Hfe which lead to convergences,

and, secondly, to an approximately equally low stage of

organization (the unsegmented stage). Even the orientation

of animals, e.g. the poised position in free water with its

longitudinal axis in the direction of the earth's centre of

gravity can lead to a general similarity in the habit of these

larvae.

Certainly there won't be many objections if we do not call

the planktonic larvae of aproctous animals (Ameria) trocho-

phores, even if they look somewhat similar to the trochophore

of Polygordius which is considered as the most typical form

of all trochophores. These larvae are not numerous. Boas in

his excellent hehrhuch der Zoologie which was widely used in

his day, had already stated for good reasons that trochophores
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were convergently developed pelagic larval forms, i.e. they

developed independently from each other in completely diffe-

rent animal groups, beginning with Tiirhellaria and continuing

up to the very last Oligomeria, or close to the very threshold

of Chordoma.

Unfortunately, there have been numerous zoologists not

only in former days (e.g. Hatschek, Cori) but even, now (e.g.

Carter, Marcus) who have been induced to attribute great

phyletic significance to these larval forms. This led finally to

an unnecessary increase in the number of proposed animal

systems. One example should suffice to show how this exag-

gerated appreciations of similarities between various larvae—in

this case between trochophores—led to wrong conclusions. We
think here of Mollusca. The veliger larva of Mollusca has

been rather generally considered as a kind of trochophore.

Because of an external similarity, yet frequently not for this

reason only, it has been thought that there is a close rela-

tionship between Mollusca and Annelida. According to this

interpretation the primitive Mollusca have been believed to

have developed from primitive Annelida by way of an omis-

sion of their metamerism. In the not very distant past, earnest

attempts have been made to find in the ontogeny of Mollusca,

in their veliger larva, traces of a former metamerism wdth the

cavity of the former perigastrocoel (eucoelom, as it is called by

American authors). It has been thought that these have been

found, in the Mollusca, in much the same way that they have

been described for the Echiuroidea. The Mollusca, however,

are genuine and primary Ameria, i.e. they are from their very

beginning unsegmented Eumetazoa, and it can be proved that

in their phyletic past they have never been segmented animals.

They represent the climax in the progressive development with-

in the phylum of Ameria. They are therefore not directly

related to AnneUda, either in the sense that we see in Annelida

a development from the primitive Mollusca, or, vice versa

as a result of a partly regressive development due to a secon-

dary omission of the segmentation.
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I am fully convinced that this, my interpretation, is right in

spite of a recent discovery of Xeopilina which has been found

bv Lemche (1958) to be a segmented animal with five body

segments. As in the case of several other Ameria we can

observe a partial ^o/yw^r/^^Z/c/; in a certain number of Mollusca,

and therefore not only in Neopiliria and in the related fossil

species. It occurs, however, in yieopilina to a stronger and fuller

degree than, for example in Tetrabranchia among the Cepha-

lopoda.

As far as is known, no pelagic larvae have been developed

by the acoelous Turbellaria in spite of the fact that they live

(^^-ith a few exceptions in planktonic species) on the sea bot-

tom. Unfortunately, our present knowledge of the ontogeny of

Acoela is still very unsatisfactory. Surprisingly enough, we do

not find pelagic larvae in Turbellaria earlier than in Polycladida

(e.g. Miiller's larva). It is aproctous like the grown-up Tur-

bellaria— it has no anal orifice—and for this reason it cannot

be compared to a trochophore but rather to a protrochophore,

unless as it has even been thought, we consider the aproctous

condition to be secondary. This larva has developed its own
swimming apparatus in the form of an irregular circle which

consists of eight lobular excrescences that are rimmed with

ciHa. This larva is poised "vertically" in water. It develops

gradually and without a real metamorphosis into a polyclad

that Hves on the sea bottom. It is not my intention to discuss

here any other larval groups that live in plankton; the only

form I would like to mention is the so-called pilidium of

Nemertinea. In spite of the fact that Nemertinea stand close to

Turbellaria, they have nevertheless become euproctous ; there

is a very great difference between the pelagic larvae of the two

groups which can be observed not only in their external forms.

The Pilidium is aproctous— in agreement with its ontoge-

netic stage—and it has a completely different type of deve-

lopment to the Miiller's larva. On the basis of these facts we

can come to the conclusion that the two larvae developed

independently from each other, and, furthermore, that they
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are no recapitulation of some grown-up ancestors. In the

pilidium the first genuine metamorphosis can be observed: in

this "catastrophic" metamorphosis the worm develops out of

special and quite separate Anlagen and in an entirely different

orientation so that finally a considerable part of the body is

destroyed, (see Fig. 6).

Fig. 6. Nemertinan planktonic larva, called the pilidium; (1), the gut,

(2), primordium (A.nlage) of the proboscis; (3—5), primordia of
the "worm-body".

I repeat that comparative morphology which tries to find

homologies and evaluate relationship connections on the basis

of such homologies can with full right make use of onto-

genetic morphogeny and thus the larval stages. Yet, first, it

must not seek in these some recapitulation of the morphogeny

of their grown-up ancestors, and, secondly, it should not lay

too great an emphasis on the ontogenetic facts and on the

larval stages. It should not base the whole animal classi-

fication on the larval stages or even on the type of cleavage.

The main emphasis should be on comparisons of grown-up

forms both of the fossil as well as of recent animal species.
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I will not enter here into the discussion of phylembryogene-

tic problems which have been already touched on. However,

since we are speaking about larvae, I wish to mention two
other extreme cases of such changes because they are important

from a methodological point of view. In one case which I have

already mentioned, the larval phase is simply omitted ; it has

been cancelled. It seems that this takes place comparatively

rapidly.

The best known condition under which the larval phase

has become lost is that of the transition from sea to fresh water

(e.g. in Hydra, numerous Crustacea, MoUusca). To this should

also be added perhaps migration into great depths, and Hfe

in the far northern regions with their cold waters (a transition

to the nursing of the progeny taking place). Not infrequently,

however, traces of a former larval stage can in these cases be

observed in the development of the embryo.

The opposite case is represented on one hand by the pheno-

menon of neoteny and on the other by the complete prevalence

of the larval phase. The essential difference between these two
cases can be seen in the fact that in the former the adult stage

is simply omitted, the development of gonads and maturation

are transferred to the larval stage. Dissogeny represents a tran-

sition to this stage; this is the double sexual maturation which

takes place once during the grown-up stage and once in larva

(it has been observed in Ctenophora). This change, too, is

connected with a change of the environment, usually in the

way that the animal remains in the plankton. Something similar

to neoteny can be found in animals with metagenesis (the al-

ternation of generations) when either one or the other genera-

tion is preserved as this can be frequantly observed in Cnidaria;

here the sexual function which had passed over from the poly-

poid to the newly formed medusoid generation is later trans-

ferred back to the polypoid generation; in case, however, of an

omission of the polypoid generation, the sexual function remains

with the medusoid generation which is then the only genera-

tion preserved (the so-called hypogenetic species). In these
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cases, too, the changes are connected with a change of the

environment.

In the other extreme case, the main role in the life cycle is

taken over by the larval phase. The animal feeds during this

phase only. It lives in the larval environment for most of its

life. The imago stage is limited to a very short period of time;

it serves mainly the purpose of propagation and it's digestive

organs are frequently lost. Such cases are best known to occur

among insects.

In our study of phylogeny and in our attempt to reconst-

ruct the phylogenetic development, we frequently meet with

the problem of w^hether a simple structure can be taken as a

sign of primitivism. This leads us to the important problem of

the progressivity of evolution. In a not too distant past it

could be frequently seen, and sometimes this occurs even

now, that a simple structure is taken simply as something

primary, primitive. Completely wrong constructions have been

made because of this mistake. It will be seen later that it was

especially so in the interpretation of the evolution of Cnidaria.

It must be confessed that it is not always very easy to diffe-

rentiate between a primary primitive and a secondary simp-

licity of a structure. Here one has to proceed very carefully;

one must make investigations by means of intensive and exten-

sive comparisons, taking particularly into consideration the way

of life and its changes. One must especially have a clear un-

derstanding of general conditions. Here it should suffice to

state that there certainly are both primary as well as secondary

simple phenomena, as has been proved by verified facts. This

is due to the fact that the evolution does not always and

exclusively show^ a progressive tendency ; its tendency can also be

in the opposite direction, it can be regressive, and this is quite

often the case. This regressive development (which is usually

and unfortunately called a degeneration) does not take place to a

minor extent only, i.e. in the lower categories of the animal

system. In my opinion, it has to be reckoned with even in

the so-called macro-evolution, or in the evolution of the
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highest categories which are characterized by phyla. The whole

phylum of Oligomeria with its numerous subtypes (situated

between Polymeria and Chordoma) is in my opinion a pro-

duct of a generally regressive development. In all probability

such a type of development has occured in the Cnidaria, as is

also the case of other animal types that have adopted a sessile

way of life.

We speak here of circumstances which usually accompany

regressive development, or actually cause it. In a sessile way

of Ufe Natural Selection favours the minus mutanta which gradu-

ally reduce and eliminate all those organs and parts of the

structure that are causally or functionally connected with the

free mobiUty of the mobile or swimming animal types.

Besides the sessile w^ay of Kfe in which the animal becomes

immobile, there is also the parasitic way of life which regularly

leads to a regressive development, particularly in the case of

internal parasites. It is well known that due to parasitism, cha-

racteristic form can be reduced so much that it is past recog-

nition. It should be mentioned that it is often the larval

stage, so far as this is preserved, which enables zoologists in

cases of a well advanced regression ("degeneration") to deter-

mine the history of a species and thus the membership in a

certain animal group.

All this is well known and nothing new has really been said

here. Nevertheless, it has been necessary to discuss this point

because it was in connection with Coelenterata, and also with

Cnidaria, that many mistakes have been made. The rule— it is

better not to speak about laws in biology— according to which

a constantly sessile way of Ufe leads to a simplification of the

body structure has been believed to be true in connection

with other ammal groups; these are by no means few; yet it

has not been accepted in connection with Coelenterata, i.e.

Cnidaria. Later it will be seen that, due to historical reasons,

particularly to our deficient knowledge of the fine structure of

Cnidaria, the Cnidaria have been believed to be primarily

simple animals which are just on the border between animals
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and plants (Zoophyta). The conservatism and the authority of

prominent scholars, both basically useful to the science, can

become detrimental to it and an obstacle to the progress when

they exceed all bounds. This has been the case with Cnidaria.

The freshwater Hydra has for a long time been considered to

be the most primitive of all Eumetazoa, and consequently also

of Cnidaria. Even at the present time, Hjdra is often described

as a primitive simply built animal, a description w^hich is made

for didactic purposes if for no other reason. Finally, when the

idea has been accepted that the solitary character of Hydra is

a secondary phenomenon, and that Hydra is without its me-

dusoid generation, progress has stopped here and the scholars

did not try to draw the necessary consequences. This situation

has continued even after it had been proved by palaeozoologists

that the Anthozoa actually have an internal bilaterally symmet-

ric structure.

The Significance of the Sessile Way of Life

In our study of phylogenetic problems we must not be sa-

tisfied with an exclusive use of comparative morphology

even in those cases where a rich fossil material has been avai-

lable. We shall completely understand and comprehend a spe-

cies of animals—and this is true also for a systematic group

of animals—when w^e also know their way of life, and the en-

vironment in which they live. Even if this is an old and gene-

rally accepted truth one can never emphasize enough its great,

and decisive, importance. In this connection mistakes have

again been made, with regard to Cnidaria, which persist down

to the present day. It is therefore necessary to discuss this

problem at some length. All Cnidaria live in water, and all—

with a few exceptions— live in the sea; w^e shall therefore hmit

ourselves to the study of conditions that prevail in this lar-

gest and oldest of all environments in which the life of or-

ganisms, and thus also of animals, has been developed.
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The first and the most important problem we meet here is

which of the two opposite large biotopes of the sea is primary

;

benthos (the bottom of the sea), or the pelagic zone (the zone

of the free water) ?

It can soon be found if we make a physicochemical compa-

rison of the sea properties, that it was in all probability the

sea bottom where the first life came into being. This was the

only place where Ufe w^as initially able to develop further.

It must have been in the shallow water that sunrays could

penetrate down to the sea bottom and where the early Life of

animals could develop and be sustained on algae and on bac-

teria. Individual types of animals could later get used, by

way of special adjustments, to the Hfe on a deeper sea bottom,

or they could begin to inhabit as plankton the free water

area. It is very probable that the Ufe on the deeper sea bottom

of the abyssal zone developed much later than that in the

plankton. In the plankton, Ufe reached an exuberant growth

and sank as an organic rain to the unproductive sea bottom.

Purely inductive thinking alone allows us to suppose that in

free water the animal Ufe began to develop in a similar way.

First it was necessary that phytoplankton appeared which syn-

thesized the organic substances and served as a basic food for

animal consumers. The substance of a Uving organism has

a greater specific gravity than the sea water (in the remote past

this difference was probably even greater than it is now); or-

ganisms had therefore to depend on the sea bottom until

finally individual small algae— it was easier for these to do so

—

succeeded in developing mechanisms which helped them to

overcome the effects of gravity, i,e. to lower their specific gra-

vity, as was done, for example, by unduUpodia (flagella, drops

of oil, gelatinous coverings Ughter than sea water, excres-

cences and similar forms of the body that increased the friction

between the body and water).

It is certainly not a mere chance that we find the phyto-

plankton of the sea to be composed exclusively of monoceUu-

lar small algae and that no higher type of plants had been able
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to develop in the sea plankton. We can safely maintain that

this was so because, rebus sic stantibus, it could simply not begin

to develop here. It was only in a calm and shallow fresh water

where Volvox, and Anthophyta like "Lemna, could begin to

develop, either in free water or on its surface, and without

a contact with the bottom.

Protozoa were in all probability the first animals that began

to live in the water of the free sea and continued to exist in it.

They evolved as Zooflagellata out of Phytoflagellata and fur-

ther continued their evolution into the planktonic Protozoa,

i.e. the rhizopodan Radiolaria. It is a priori improbable that

Metazoa developed out of planktonic Protozoa either such

as had formed colonies or those that consisted of several

nuclei (polyenergida). The reason is the same which prevented

metaphytes from developing in the sea plankton.

The first Metazoa that inhabited the free water of the sea

were certainly the freely developing ontogenetic stages of

animals that lived on the sea bottom, first, because they had

evolved out of eggs that had been left freely swimming in

water, secondly, because they were small and light with a com-

paratively large surface, and thirdly, because they were covered

with flagella and cilia which they could use, even if to a smaller

degree, as a means of locomotion. Slight vertical streams were

sufficient to bring these future larvae into the upper strata of

water where they could find a rich food and other conditions

of Ufe. This is the way we have to explain the origin of plank-

tonic larvae. It was only later that these larvae were followed

by grown-up animal species into these strata of free water,

and these again had to make special adaptations to new con-

ditions. Or some larvae which belonged to animals that lived

on the sea bottom, remained constantly in the plankton so

that they changed by way of neoteny into planktonic animals.

The feeding of the first metazoic planktonic animals must have

been microphagous; it was only later when animal types de-

veloped, that macrophages began to feed on the former (Ce-

phalopoda, Vertebrate).
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It is conspicuous that no new animal types have developed

in the plankton of the free water zone of the sea. All the major

types of animals have developed on the sea bottom. Neither

have any of the main types (phyla) developed by way of neoteny

.

For methodological reasons and because of its special con-

nection with Cnidaria we must deal here with one more

problem. We must differentiate between the two types of re-

lationship that exist between the stage that lives on the sea

bottom and the stage that lives in the plankton. On one hand

we have the transition which takes place within the frame of

one and the same generation. First wx have to imagine a case

in which the phase of the grown-up form which lives on the

sea bottom is primary, and the planktonic phase of a juvenile,

usually larval, stage secondary. In another case the form which

lives on the sea bottom is primary; naturally, it is able to pro-

pagate sexually and it can eventually develop its own juvenile

planktonic form; and there is a secondary generation which had

developed by way of gemmation or fission—in an asexual way

—

before the sexual propagation has been adopted by the phase

which Uves on the sea bottom. The generation which had been

created by way of an asexual reproduction evolves into plank-

ton and adopts sexual reproduction while it becomes ad-

justed to life in the free water. This is the classical case

of the alternation of generations, or metagenesis^ where an ori-

ginally single phase which was for some time also the main

phase becomes, so to speak, degraded and it continues to live

a vegetative Life only.

The subsequent development can pursue two or three diffe-

rent ways. Either we find the originally primary generation

withering away (this is the generation w^hich lives on the sea

bottom, in our case the generation of polyps), so that the

secondary, planktonic, form remains as the only one that

has survived (in our case the form of medusae) ; or, vice

versa we find that the secondary planktonic form and gene-

ration, i.e. that of medusae, is withering away, while the pri-

mary, benthonic generation, i.e. the generation of polyps.
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is really the only form which survives. Thus we can return by

way of an indirect course to the initial situation. Finally, the

generation of medusae as the only form that had survived, can

develop into an animal that resembles polyps and lives as such

on the sea bottom (Armohydra see Fig. 7, Hala?nmohydra see Fig.

8, Otohydra see Fig. 1 8
.)

Fig. 7. A reduced trachyline medusa Armohydra janomci^i Swed-
mark & Tesnier; A, longitudinal section; B, habit; g, gonad;
e, exumbrella; m, mouth; sc, subumbrellar cavity; v, velum;

(after Swedmark and Tesnier).

In connection with all these developments the question

necessarily arises how can we in a given case differentiate

and correctly interpret the path evolution had taken? A broad-

er and deeper comparison can help us here while we take

into consideration on one hand the ecologic conditions and

on the other Dollo's rule of the irreversibility of evolution.

Many mistakes have been made in this connection. Many
zoologists, among them even specialists in Cnidaria, are inc-

lined to see in the planktonic form of medusae the original,
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the primary, or the main form out of which the polyps can

be considered to have evolved. On the other hand, the solitary

forms of the Hydrozoa polyps, and of polyps that have no ge-

neration of medusae have also been believed to be the pri-

mitive forms. Both these interpretations are equally wrong;

both of them are based on pre-suppositions that are methodo-

logically wrong.

One more point can be of good service in our phylogene-

tic studies. This is the relationship betu^een locomotion

on one hand and the environment and the kind of feeding on

the other. As is well known, three stages in the evolution of

the active forms of locomotion must be taken into considera-

tion (cf. the study by L. Zenkewitsch). We disregard two

forms that occur in Protozoa: the amoeboid movement and

the movement effected by the individual flagella (it is true that

in Spongiae the amoeboid type of movement does occur,

even if to a small degree only; cf. Hadzi, 1917). In the small

and primitive groups of Ameria the type of movement corre-

sponds mainly to conditions that can be found among Protozoa,

in the Infusoria; this is movement by means of cilia and this

type of movement is preserved in planktonic larvae, so to say,

right through one classificatory system. The ciliary pulsation

produced by animals while they are exposed to the rhythmical

swell of waves enables them not only to glide over a firm

ground, which is true for the majority of Turbellaria, but also

to swim in free water, as can be observed in Infusoria and

Rotatoria. The formation of undulipodia (flagella and cilia) by

individual cells belongs to a general inventory of all animals.

There have been a few specialized animals however, e.g.

Nematoda among Ameria and insects among Polymeria, which

have completely dispensed with the action of undulipodia be-

cause the surface of these animals had been strongly cuticu-

larized.

Undulipodia which cover the free upper surface do not serve

the purpose of locomotion only; they can also be transplaced,

together with their maternal cells, into the interior of the
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animal by way of the invagination of the surface stratum of the

body. This is how we have to understand the origin of nephri-

dia which serve as excretory and emunctory organs. Another

point to be mentioned here is that Dollo's rule does not seem

to be valid in connection with the formation of cilia, i.e. even

after they had been lost during the phyletic development of

Fig. 8. Secondarily ciliated Hydrozoa; A—B, sporosac of Dicoryne

conferta Alder (after AUman); C, Halammohydra octopodides Remane;
(after Remane).

an animal they can be later reintroduced. This can be proved

by some clear instances that can be observed among Hydro-

zoa. It has been known since Allman's days that in the species

Dicoryne conferta Allman, which belongs to Hydroidea (Atheca-

ta), completely retrograded medusoids which lived otherwise

as completely immobile forms as its cormus, regain their ability

to swim again by means of a secondary development of cilia

(the so-called sporosacs, see Fig. 8 A-B). Halammohjdra, a Hydro-

zoon which has been recently discovered by A. Remane (1937),

5
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and which lives in the sea sand, has a polyp form; its surface is

covered with cilia w hich enable the animal to glide actively

and move in this way among small grains of sand (see Fig. 8C).

I have succeeded in showing (Hadzi 1959) that Halammobjdra

actually corresponds to a strongly modified Narcomedusa

whose muscular swimming apparatus has been much reduced

w^hile at the same time secondary cilia have developed. It is

certain that something similar could also be found in other

animal groups.

The second type of locomotion is based on contractions of

muscular fibres w^hich had developed within the cellular cy-

toplasm. This specialized form of a general ability of the cyto-

plasm to contract has already been "invented" by Protozoa.

Metazoa have inherited it fully developed from their pro-

tozoan ancestors. These contractile fibres served first to make
possible movement on a fixed spot, bowing, the contraction

of stem-shaped forms, the constriction of cavities, e.g. of the

peristomial ciliary apparatus in the peritrichous and epitrichial

Infusoria (also in sphincters), etc. As a secondary result

and parallel to an increase of the size of the body, locomotion

by means of ciUa is given up, and the muscular movements of

the body begin to be used to effect locomotion. This can be

observed as early as in the larger flat Turbellaria, particularly

in Polycladida. The highest level in the development of the

means of locomotion in free water is reached in medusae which

possess special transverse stripes in their muscular fibres: in

these, movement is effected by means of regular rhythmic con-

tractions w^hich are controlled and led by nerves and which

remind us already of the pulsation of the heart (the latter is

first developed in MoUusca).

A higher type of locomotion by means of contraction of

muscles has been developed with the formation of extremities.

Here we are less interested in this type because it has not been

developed in Ameria.

The type of locomotion used by an animal is very important

and the symmetrical conditions in animals depend on it to
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a large extent. We meet with this problem immediately when

we compare the first opposing pair: the mobility in contact

with the firm ground (vagility), and the immobility, the per-

manent attachment to the ground, and a stronger contractility

(sessility). Whenever we see that the free mobility has been

abandoned, a phenomenon w^hich can be observed quite often

in Protozoa as well as in Metazoa, we can regularly observe

how a simultaneous change of the carriage of the animal takes

place. The consequences of this change are great. A charac-

teristic property of animals which move or glide over a firm

surface is the bilateral symmetry of their bodies. The animal

moves forw ard with its anterior end placed in the direction of

the movement; this is the way the head region begins to

develop and with it, the great contrast between the anterior

and posterior ends of the body. The contacts of the two ends

with the environment are widely different. An almost equally

great difference can be observed in the contacts of the dorsal

and ventral sides and their environments: the flattened ventral

side touches the ground over which the animal moves while

the slightly vaulted dorsal side has contact with free water

only. The contacts of the two lateral sides (the left and

the right sides) are basically identical and this is why these two

sides are similar. In this way the bilateral organization and

form, and thus the bilateral symmetry, have been evolved.

Bilateral symmetry exists in the whole animal world and it

must be considered as primitive All the other types of symmetry

can be deduced from the bilateral symmetry. The changes

in this symmetry are always due to the changes in the relation-

ship between the type of locomotion and the environment;

they can all be explained as modifications of the bilateral

symmetry.

The most frequent change, which occurs as a more or less

distinct disturbance, is that of asymmetry. It is rather rare that

we find the assymetry to be conspicuous and character-

istic for larger groups of animals. It occurs, for example, in

Infusoria when they swim freely but not far from the sea

5*
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bottom by means of beating of cilia, and among Gastropoda

where the origin of their asymmetry is a special problem which

cannot be discussed here at any length. In certain groups of

fishes the asymmetry is due to their lying constantly on one

side of their body, similarly as in the case of Branchiostoma

(Amphioxus)

.

Most frequently, however, we see that a secondary radial

symmetry develops out of the primary bilateral symmetry.

Always, and without an exception, this change stands in causal

relationship to the transition to a secondary, sessile, way of

life, i.e. to the fact that the active locomotion had been given

up. These changes of symmetrical conditions occur in varying

degrees of intensity in all the large groups of the animal world,

beginning with Flagellata among Protozoa and continuing up

to Chordoma. Radial symmetry can occur even without

a trace of the former bilateral symmetry or of the asymmetry;

the degree of evolution of this radial symmetry depends on

the final structural conditions, the way of life, the type of feed-

ing, as well as on the phyletic age of the transition to a semi-

sessile or finally to a fully sedentary way of life. This radial

symmetry can be so completely without a trace of the former

bilateral symmetry that it was believed, especially by older

zoologists (and unfortunately it still is accepted by some modern

scholars,) that this radial symmetry is an original property of

Metazoa. We cannot blame the idealistically minded pre-Dar-

winian morphologists that they put together Coelenterata (ac-

tually Cnidaria) and Echinodermata, i.e. two animal groups

with the most highly developed radial symmetry, and created

for them the taxonomic unit of Radiata. Even in the post-

Darwinian days there were zoologists—and there are some

even now—who, following Cuvier, try to preserve this arti-

ficial unit. As a matter of fact, however, Cnidaria are in no

way whatever phyletically related to Echinodermata.

As a preliminary stage in the development towards the radial

symmetry we can observe first a change in the general carriage

of the animal and in connection with this, the disappearance
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of the difference between the dorsal and ventral sides of its

body. As a result of this, the form of the transverse section of

the animal becomes circular. In some animal groups, whose

body is otherwise completely bilaterally symmetrical, the in-

clination to accept the radial symmetry can be developed in

one part of its body only, e.g. in its anterior part. This depends

on how much these organs are used by the animal to stick to

the ground or to adhere to it by means of suction. Clear

examples of such a development can be seen in Cestoda (scolex)

and in Nematoda (the coroniform distribution of various pa-

pillae and of sensory organs of the skin) (see Fig. 9.). A complete

radial symmetry can only be reached in the aproctous types of

animals, e.g. in Cnidaria, or in such euproctous animals where

the absence of the anal orifice is a secondary phenomenon in

their development (some Echinodermata, especially among the

Ophiuroidea). In Infusoria, a complete radial symmetry can

rarely, if ever, be observed, even if in these the anal orifice has

frequently not developed. This is due to their strong inclina-

tion to adopt an asymmetrical structure; the latter has also

been inherited in their digestive apparatus by animals that live

a sessile way of life (epitrichial Infusoria).

The combination of a primary bilateral symmetry and of

a secondary radial symmetry can lead to a bisymmetry. This

can be observed in the interior of numerous anthopolyps and

of other animals, and it is best and most purely developed

in Ctenophora. In my opinion, the origin of this bisymmetry

can be explained rationally in one way only if we consider the

bilaterally symmetric form as primary, and we presuppose

that there had been a development caused by the loss of con-

tact with the firm ground which made the ventral and dorsal

sides similar. The two lateral sides preserve their original

similarity with each other, yet they are more rounded off and

therefore better developed. Moreover, they still continue to

be different from the ventral and dorsal sides, though the latter

have become similar with each other. In Ctenophora this change

of symmetrical conditions occurs in connection with their
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Fig. 9. Some cases of transition from bilateral to radial symmetry
of entoparasitic "worms" but only on the "head"; A, scolex of
Carpohothriiim sp., (after Shipley and Hornell); B, anterior view of
the nematode Par^^ro«fWdZSp., (after Baylis);C, cross-section through
the scolex of Nematohotbrium sp., (after Fuhrmann); D, cross-

section of a polymerian nematode (after Filipjev); E, cross-section

of a proglottis oi Anoplacephala sp. (after Becker); F, anterior view
of the nematode Oesophagostomum sp., (after Goodey).
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transition from a life in benthos to a life in the pelagic zone,

i.e. to the zone of the free water (see Fig. 10).

In this connection we are able to ascertain a very welcome

regularity; it enables us to find out the way along which the

change takes place. The rule is that this change occurs first

in the peripheral parts of the body of the animal, and only

later in its internal organs. The eight "antimeres" or ribs that

Fig. 10. Scheme illustrating the transition of primarily bilateral

symmetry to other symmetries as consequence of a changed way
of life.

can be found in an otherwise swivel-round body of Cteno-

phora show a nearly perfect radially symmetrical distribution,

and yet at the same time some well-preserved traces of a for-

mer bilateral symmetry can be observed in the central parts of

their digestive organs which are frequently called the gastro-

vascular system (see Fig. 3.). Similar conditions exist in numerous

anthozoan polyps as was first noticed by palaeozoologists.

In our study of Ctenophora, we meet with the problem how
Life in the free zone, i.e. in the pelagic zone, influenced the
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general form of the body of animals. If we review all the

planktonic animals the impression we finally get is that there

has been no general regularities in respect. In these animals

all possible symmetrical conditions can be found exactly as in

the animals that live on the ground. And still there are diffe-

rences which are due, as we shall see later, to the fact

that in free water there is no contact between the firm ground

and the animal, i.e. its ventral side. In the Ctenophora we
can observe how life in free water promotes the develop-

ment of radial symmetry; this is due to the similarity of

contacts between the milieu and all parts of the animal

body. If there is, however, an eventual change of symmetrical

conditions, then this change is largely due to the type of

movement. In types of animals that move only slowly and

mainly by means of cilia or organs which have developed

out of these (e.g. the swimming plates in Ctenophora, the

circlets of cilia in trochophores), and in types that hang verti-

cally in water, the inclination to adopt the radial symmetry must

always be expected, and, as a matter of fact, it will be found

in them. Bilateral symmetry, however, remains preserved

a long time after the transition from a life in the benthos

to a life in the pelagic zone had taken place, if the movement

of the animal is more energetic and stronger and if it is effect-

ed by means of muscles and particularly by means of limbs.

This can be best observed in the case of Chaetognatha.

I derive them, in agreement with some other zoologists, from

the planktonic larvae of Brachiopoda. These brachiopod larvae

hang in water or they move slowly by means of a pulsation of

cilia. They are basically bilaterally symmetric animals but they

show a clear inclination to adopt radial symmetry. In Chaeto-

gnatha, however, which are predatory animals with strong

contractions of muscles and with an ability to move rapidly

head first, bilateral symmetry had been developed in spite of

their life in free water. Radiolaria, an extremely old protozoan

group which for a long time has been living exclusively in the

pelagic zone or in plankton, contain all possible forms among
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their very numerous species that Uve in various depths of

the sea, yet they never have a typical bilaterally symmetric

form with a difference between ventral and dorsal sides. The

impression we get in the face of these immense riches of forms

of Radiolaria is that the life in free water is indifferent to the

symmetric conditions of basic forms and that it therefore

"allows" all kind of forms.

In Cnidaria, as animals that primarily live on the sea bottom,

the radial symmetry has already been developed because of

their sessile way of life; after their transition, as medusae, to

a life in plankton, this radial symmetry becomes considerably

intensified. A more or less expressedbisymmetry can be occasion-

ally developed due to a reduction of their tentacles, and in some

cases even a state of asymmetry can be approached if only one

marginal tentacle has been preserved. The bilaterally symmetric

and bisymmetric medusae can be found as medusoids in

the cormi of Siphonophora only; it is only here that a poly-

morphism of medusoids can be observed. The individual swim-

ming medusae have never developed bilateral symmetry in spite

of the fact that they are excellent swimmers.

The example of Echinodermata shows how long the old

symmetric conditions can be preserved during life in

plankton. Echinodermata are considered to have evolved out

of some bilaterally symmetrical ancestors that had crept over

the surface of the sea bottom. Because of a later adoption of

a sessile way of life, these Echinodermata have subsequently

developed more or less radially symmetric forms. Their larvae,

however, are purely bilaterally symmetric animals in spite of

the fact that they still continue to go into free water and

that they move slowly and only by means of cilia. This shows

that here we have a kind of conservatism; similar to the case

of starfishes which have adopted a secondary vagile way of

life while at the same time they still preserve an obvious radial

symmetry because of the slowness of their movements. On
the other hand, sea urchins which burrow in the soft sea bot-

tom have adopted a secondary bilateral symmetry.
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The Role of the Polymerization and of the Subsequent

Oligomerization During the Phylogeny

A very important and fruitful criterion for the evaluation

of phylogenetic problems has been recently discussed at great

length by the well-known Russian scholar, the now unfortu-

nately deceased zoologist V. Dogiel. This is the phenomenon
of the polymerization of smaller and also of larger morpho-

logic units in the body of the animal. The subsequent oli-

gomerization is regularly accompanied by differentiation

(V. Dogiel, 1954). We must imagine it as a doubling and as

a further multiplication of units w^hich takes place in the

complex of genes and which is later, during the development

of an individual, materialized in the corresponding morpho-

logic "parts". By way of this process of polymerization we can

explain the development of monoflagellate and mononuclear

Flagellata into Poly- and Hypermastigida as well as into the

polynuclear species, a development w^hich has finally led also

to the formation of Ciliata. Various ciliary organelles of a

complex nature have evolved by w^ay of a specialization of cilia

from this polymerization; the polymerized nuclei have become

differentiated into macro and micronuclei by way of oUgomeri-

zation. The ribs of Ctenophora have been developed by w^ay

of oligomerization and differentiation. The single pair of

tentacles as it occurs in Turbellaria has developed into circlets

which frequently consist of multiplied tentacles as in the

Cnidaria. A subsequent oligomerization led in some cases

observed in Hydrozoa, to a reduction of tentacles to the

number of two, or even to their complete disappearance.

The polymerization followed by oligomerization and differen-

tiation finally led to the formation of various forms of ten-

tacles in one and the same individual (e.g. in polyps of

Eleutheria and of medusae see Fig. 11 and 12).

Naturally, we must be careful to differentiate, when we take

into consideration this regularity, between a primary simpli-

city and a secondary simplicity which has developed by way
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Fig. 11. Some cases of polymerization and oligomerization of

tentacles of hydroid polyps; A, Clava sp. (after Hyman). B,

Syncoryne sp. (from Dogiel). C, Pennaria cavolinii, (from Broch). D,
Cladonema sp. (from Hincks). E, Cladocoryne floccosa (orig.). F, L<7r-

sabellari{m{iiom Dogiel). G, Monobrachium parasiticus {itom. Dogiel).

H, Halocoryne epit^oica (after Hadzi).

of oligomerization. As a rule, this will not be difficult when we
make detailed comparisons. We meet in our study of the

animal world, at every turn, with the phenomena of polymeri-

zation and oligomerization. In this connection some regulari-

ties have been observed; above all the fact that in case of

oligomerization a fixed number of multiplied, and thus homo-

logous and homodynamoas, parts is found preserved (e.g. in

Cnidaria four, six, eight, and their products; eight in Ctenop-

hora; five in Echinodermata; etc.).
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Fig. 12. Oligomerization and polymerization of tentacles in

hydromedusae, A, Podocoryne carnea (after Grobben), B, Stomotoca

sp. (from Hyman); C, Steenstrupia sp. (after Mayer); D, Bougain-

viLea sp. (after Broch); E, Aeqiiorea sp. (after Hyman); F, Obelia sp.

(after Colosi).

The origin of the metamerization, one of the most important

problems of the comparative morphology of the metazoa,

is closely connected with that of the polymerization and of the

oligomerization. The question naturally arises; can we con-

sider that the all-important metamerization has been developed

out of the polymery, by way of a multiplication of whole

regions of the animal body; or, conversely, by way of an initial

polymerization of individual organs (this is usually called the

psetidomerit(ationP This is followed first by a "genuine meta-

merization," and afterwards either by a wholesale oligomeri-

zation with formation of regions, or, by a general oligomeri-

zation and a corresponding change of the way of life (the origin

of the large type of Oligomeria). We will later return to discuss

this problem.
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There is one more method which can prove useful in our

search to find the relationship connections and herewith

the creation of a truly natural animal system. This is my
study, the comparison of the so-called parallelisms (they are

not identical with analogies!). It has been proved by way of

intensive observations that there are certain properties and

peculiarities which are easily repeated. We have here, if looked

at from the standpoint of genetics, some more or less identical

mutations, or complexes of mutations. As an example we can

mention the appearance of cnidae. These are complex, not

living, but nevertheless organic products of specialized gland

cells which are composed of firm (solid) and thickly liquid

components. The thickly liquid secretion of cnidocytes is able

to liquefy instantly, almost like an explosion with which it can

be rightly compared. Here we are particularly interested in the

morphological side of this remarkable differentiation in the

monocellular glands.

This organelle, which itself is not alive, can be found in

varying stages of evolution in various recent animal groups.

The highest level in their progressive evolution can certainly

be observed in the cnidae of Cnidaria—and this is why the

latter have been given their name. If we make a search "down-

wards" we shall find cnida-like formations in various Protista,

even in Protophyta, especially those that stand close to Pro-

tozoa (Polykrikos and Pouchetia among the Dinoflagellata). It

seems that these cnidoids— as I called these cnida-like and yet

completely special formations (Hadzi, 1951)—had been deve-

loped repeatedly and independently from each other as early

as in Protista; later they have evolved in special directions. The
foundation, however, the original mutation which had led to

their formation seems to have always been the same. Upwards,

i.e. above the level which is taken by Cnidaria in the

animal system, no real cnidae can any longer be found. The
conditions that prevail in Nemertinea have not been completely

cleared up. As for Mollusca (Gastropoda) where cnidae have

also been found, it is beyond any doubt that in this case we
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have really the so-called kleptocnidae, i.e. cnidae which have

been taken over from Cnidaria which had been devoured by

MoUusca— a certainly very remarkable case. It is very probable

that Nemertinea, too, possess kleptocnidae. A special place

among all the animal groups that possess cnidoids is occupied

by Infusoria-Turbellaria-Cnidaria; to these we must perhaps

add Nemertinea. It has been with intent that Ctenophora have

been omitted here, even if the presence of genuine cnidae can

be frequently found mentioned in the special literature in con-

nection with at least one species of Ctenophora (Haeckelia or

Euchlora rubra). As has been mentioned earlier, I think that

it is very probable (Hadzi, 1951) that only kleptocnidae occur

in this ctenophore and that they have been taken over from

a species of Narcomedusae which serve as the main food of

this ctenophore.

There are, besides the typical cnidae, some less specialized

forms that occur in the large groups of animals which have

been mentioned above. They are essentially glandular; their

secretion is partly solid, and partly a fluid that can absorb

water and swell. They have been described under various names

(trichocysts, rhabdites, sagittocysts).

The form of medusa must be considered as a kind of parallel-

ism; it is neither homologous, nor analogous, nor a result of

convergences (see Fig. 13). We shall omit here those Protista

which show only a purely external similarity with medusae

(among Flagellata e.g. Medusochloris, Craspedotella, and I^epto-

discus) ; these have been called the "types of the forms of life"

by Remane (1944). The genuine medusae must be considered

to have evolved beyond any doubt at least twice, independently

from each other; both times they have developed from a

polyp by way of an adoption of the vagile way of life: the first

time from a scyphopolyp, and the second time from a hydro-

polyp. I will show later that this hydropolyp had been deve-

loped later than the scyphopolyp, and in all probability from

just this same scyphopolyp. A similar way of life (natural se-

lection!) and a close enough relationship (the same direction
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Fig 13. Medusoid forms as cases of parallelism. A, a phytoflagel-

late, Medusochloris phiale (after Pascher). B-C, two heterotrophic
dinoflagellates: 'Leptodiscus mednsoides (from Hertwig) and Cras-

pedoiella pileolus {2ihct Kofoid). D, an anthomedusa; E. a scyphome-
dusa; F, Pyrosoma sp. a colony (cormus) of tunicates.

of mutations) have given similar results. Perhaps we could

speak of a medusoid form in Pjrosoma among Chordata, yet

in this case we have actually a cormus and not an individual.

Something similar can be observed in Chondrophora among
the Siphonophora. The same is actually true for the polypean

form too, yet with the difference that the polypean form occurs

much more frequently in the animal world since it is connected

with a semi-sessile or to a completely sessile way of Ufe. The
form ofpolyps is an oblong rotund form which is set upright on
a firm ground. The oral opening occurs, with the exception of

Protozoa and Spongiae, at its free end. The tentacle-like ex-

crescences grow regularly all around this oral opening in the
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form of one or several circlets. It would take us too long to

give here a complete survey of all animal groups which have

polypean forms. The species of whole large groups can show
polypean forms (this is the case with Cnidaria and Entoprocta

among the Ameria), or the same thing is true for at least a large

part of them (Annelida). Oligomeria are mainly polypoid ani-

mals. Even among the Chordoma we can find in the benthonic

Ascidia a clear inclination to develop polypean characters. Im-

portant from our standpoint, however, is the knowledge that

a sessile radially symmetric polypean form had been repeatedly

developed from a freely moving bilaterally symmetric form,

and that this polypean form itself has been later frequently

changed into a freely moving form, either one that creeps over

the sea bottom, e.g. Echinodermata, or one that can swim

freely in water, e.g. medusae of the Cnidaria.

The Validity of Watson's Rule for the Invertebrates

In our attempt to place the origin of Cnidaria on a new,

rational basis we can use the experiences ofresearchers in Verte-

brata who have certainly had to solve much easier problems—

even if we do not intend to enter here in to the whole enormous

problem of the origin of new animal types, i.e. macro-evo-

lution. The question is whether Watson's rule (de Beer, 1954)

of a mosaic-like evolution can be considered valid also in the

case of the "lower" invertebrates. A detailed study of the

Archaeopteryx (a third specimen of this animal has recently been

found) has led de Beer to develop the ideas which had

been first formulated by D. M. S. Watson and according to

which there is a divergent evolution in the subclasses (types)

of Vertebrata and a simultaneous mosaic-like mixing of old

and new characteristics. In this way a new combined form can

be created with a simultaneous change of the way of life, which

is stil able to live in the milieu. Thus, there had been no general

and parallel change of characteristics, (in this case of the
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reptilian characteristics) which finally led by way of all tran-

sitions to the new type, the birds; but instead there was an

accession, or an admixture, of new bird characteristics to the

already existing reptilian characteristics, as this can be seen in

the remains oiArchaeopteryx. De Beer beUeves that in the latter

the "reptilian-characters" are still prevalent. In such a case the

old characteristics can be preserved, yet they are naturally out-

weighed by the new, progressive, and speciaHzed character-

istics. It has been possible to show that other classes of Ver-

tebrata, too, had probably developed along a similar divergent

and mosaic-like way.

It has been possible to find this type of evolution in con-

nection with Vertebrata because their fossil remains which

have been found go back to a more or less recent past when
this process of transformation had been taking place. The
fortunate case of the Archaeopteryx has been particularly

welcome. Yet unfortunately no such intermediate forms

belonging to invertebrate types have been found, nor is there

a prospect that they will ever be found; this is particularly true

for the lowest, and therefore phylogenetically oldest, inverte-

brates whose manifold and numerous types had been deve-

loped even before the beginning of the era of the formation of

the fossil-bearing earth strata. In this naturally disadvantageous

situation the researchers in invertebrates have to use methods

that are less reliable. Above all, it is a priori quite probable that

Watson's rule has a general validity as we cannot see the reason

why it should be limited to Vertebrata only. Secondly, if

Watson's rule can be considered valid at all, then it must con-

sequently be expected that even if the mosaic-like appearance

of characteristics be most manifest during the phase of transi-

tion—because here the characteristics of ascendants and of

their descendants appear most concentrated in individual spe-

cies, in this case in Archaeopterjx—^^^ have nevertheless to

expect the same characteristics and properties of the two sub-

sequent types to appear, even if somewhat "thinned down,"

in the parent as well as in the descendant species. It is

6
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natural that in the parents the old characteristics will strong-

ly prevail, and in the descendants the new characteristics which
are distinctive for the new type.

We shall find without any difficulty, if we limit ourselves to

the group Cnidaria-Turbellaria-Ctenophora, and if we make
a comparison of their recent forms, taking simultaneously into

Fig. 14. Three species of Temnocephala; illustrating the poly-
merization of tentacles like excrescences. A, Bubalocerus pretneri

(from Matjasic). B, Temnocephala chilensis (after Wacke). C, Aciino-
dactylus hlanchardi (after Haswell).

consideration Watson's rule, that the validity of this rule ex-

tends also to the lower invertebrates, and, consequently, over

all the animal groups. Here we shall limit ourselves to mention

a few characteristic examples only. Thus we can find in various

Turbellaria: (1) the body set upright while mobility is at

the same time temporarily preserved (this led to a complete

sessility and immobility, to the formation of cormi and of

colonies, and finally to a polymorphism connected with the

formation of medusae); (2) the tentacle-like excrescences at

their anterior ends which show an inclination to polymeriza-

tion (Temnocephala, see Fig. 14), and the growth of the intes-

tinal diverticula into the interior of these tentacles (in polyps
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this led to the typical circlet of tentacles which serves as the

main appliance with which they catch their food); (3) the spe-

cialization of the monocellular skin glands with their solid or

outflo\\ing secretion (here rhabdites and sagittocysts; cnidae

in cnidaria); (4) the tendency of the aproctous intestine to

develop diverticula (excrescences) and folds and thus to in-

crease the internal surface (this is so characteristic and manifold

in Turbellaria that it has been used as a criterion on which,

their classification has been founded: Acoela, Rhabdocoela,

Tricladida, Polycladida; in Anthozoa it is best developed in the

polyps of Cnidaria in the form of sarcosepta, or of longitudinal

folds, yet here we can observe a later gradual regression with

exception of the diverticula which grow into the tentacles; an

even richer development can be observed in medusae); (5) the

inclination to form a cuticle; in Turbellaria this can be observed

occasionally only and it is usually strictly localized; it is only

in Temnocephala that it covers almost the w^hole surface of the

body; in Anthozoa its occurrence is less extensive; in Hydrozoa

w^hich have adopted a completely sessile way of life, it becomes

a generally accepted property (here it is known as the periderm

formation); (6) the same is true also for the impregnation of

the cuticle (periderm) with calcium salts; this can also take

place, even if to a lesser degree, in the mesenchymal cells; in

Turbellaria this happens to a very Umited degree, a fact which

can be explained as being due to their free mobility; (7) the

inclination to transversal division; in Turbellaria this has been

inherited from their supposed infusorial ancestors; even if this

is— as well as several other properties that have been mentio-

ned—not a quality that generally appears, it is nevertheless a

common property, i.e. it depends on the same gene or on the

same complex of genes; in Scyphozoa it has led to the develop-

ment of a form of medusae, and in Anthozoa to the first step in

the same direction fF///?g/<2J . Many other facts could be mention-

ed in this connection, yet the above points should suffice.

Whatever is generally valid for the relationship Turbellaria-

Cnidaria, the same can also be proved valid for the evolutionary

6*
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trends between the three classes of Cnidaria. It can be

generally stated that the farther away from Antho5:oa we move
in the direction of Scyphozoa and Hydrozoa, the fewer pro-

perties of Turbellaria we meet; all this is due to a divergent

development and to the prevalence of new properties and

peculiarities which are typical of Cnidaria. Yet while we can

observe that there are also some side branches which have

developed out of Turbellaria into several new directions, either

in the direction of animal types which have adopted a parasitic

way of life (Trematoda, Cestoda), or such that have adopted

the free mobility and the free way of life (Nemertinea, etc.;

most probably after the transition to an euproctous state, also

in the direction of Mollusca), nothing similar can be observed

in Cnidaria. On the basis of all this we can conclude—and

rightly I think— that these Cnidaria represent a blind side-

branch on the tree of Ameria. We can see the cHmax of a

partly progressive development in the strongly individualized

cormi of Hydrozoa, in the Siphonophora. It is possible, though

it is difficult to prove, that Cnidosporidia, which are attributed

to Protozoa, had possibly been developed from the parasitic

Narcomedusae. This hypothesis seems to be supported by the

so-called polar capsulae, thus cnidae, and by the polycaryontic

(polyenergetid) state of their vegetative phase connected with

the phenomenon of cellulation.

Parasites have occasionally been used—and this success-

fully—to explain the phylogenetic conditions of their host

animals. This can be considered to be a special method in

phylogenetics. If this is valid for parasites then its validity

could also be extended to symbionts. It is probably not a mere

chance that a frequent symbiosis of monocellular algae that

live intracellularly (e.g. Zoochlorella and Zooxanthella) has been

observed on one hand in certain Infusoria, and on the other in

the Turbellaria and Cnidaria. In the two last mentioned cases

this symbiosis can be so strong that it becomes strictly oblig-

atory and that in connection with this, systems have been

developed which secure the "inheritance" of their symbionts.



CHAPTER 2

THE PREVIOUS INTERPRETATIONS
OF CNIDARIA

We shall now pass on— after this preparatory introduction

which has been necessarily rather extensive— to our main

problem: what Cnidaria actually are and what is their origin?

We shall be better able to understand our new answer to these

questions if we first make a critical survey of the interpreta-

tions of the nature of Cnidaria w^hich have been proposed till

now. It will be sufficient to divide the history of the study of

Cnidaria into two parts only, i.e. the first part which begins

with Aristotle, and the second part which commences with

Leuckart (ca. 1847) and which covers the Darwinian period.

From the very beginning the larger Cnidaria, i.e. those that

can be observed with the naked eye and therefore more
easily accessible (medusae, Siphonophora, Actiniae, corals)

have given the impression that they were a kind of organism

that resembled the flowering plants. Firmly attached to the

ground or moving so slow^ly that this can hardly be noticed,

frequently of rich colours, appearing in shrubs, covered with

parts that are similar to flowers, and finally stinging like a

nettle when touched— all these are properties that are usually

attributed only to more highly developed flowering plants. It

is therefore not surprising to find acalephs and cnidae men-
tioned as early as in Aristotle, and that these same organisms

were called sea anemones, sea nettles, phytozoa, etc., by the

fishing nations that inhabited the shores of the seas. Later

there were various other natural scientists who for a long time

saw in these organisms, like Aristotle, something that is at

least between an animal and a plant. This is w^hy the name

73
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Zoophjta had been created. It was much later that it has finally

become clear that these Zoophyta are really animals, and not

plants, or something that is between a plant and an animal.

It was not till 1723 that it was first suggested, by Peysonell,

that these are really the lowest or the most primitive

animals. The external forms of these animals, have always

been particularly emphasi^^ed and many zoologists have

become especially impressed by their radial symmetry. This

had been important when the first attempts were made to

construct a classification of the animal world on the basis of a

comparative method. In place of the name Zoophyta, the name
Radiata was introduced, with some simultaneous changes

of their spheres and of the subgroups they were supposed to

include: a possibly worse solution. The name Zoophyta itself

(this name was used for a long time) included all kind of ani-

mals, or, as this has been said by L. Hyman, "A variety of soft-

bodied animals, from sponges to ascidians." Under the banner

of Radiata, Cnidaria were again connected with completely

different types of animals, especially with the Echinodermata;

this was done because of their radial symmetry only (Cuvier).

Lamarck himself had tried to separate the medusae from po-

lyps. Many zoologists, especially the French scholars, adhered

strictly to this wrong concept of Radiata even a long time after

Darwinism had been firmly established and when attempts had

been made to create a natural animal system built on the

principles of evolution; the same mistakes can be partly en-

countered even to the present day.

In the mean time great progress has been made in the field

of the fine morphology of the lower invertebrates. The prog-

ress made in the ontogenetics or in embryology— especially

of Vertebrata— has been of considerable importance for the

evaluation of Cnidaria; it was in this way that the theory

of germ layers was developed. Even the bodies of adult

animals have repeatedly been divided into layers: first there

was one stratum, then two, and finally three strata or dermas

(ecto-, ento-, and finally mesoderm). Even if it was likely that
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the third stratum, the mesoderm, had been first laid out as a

thin leaf which has later lost its leaf-like form, it has never-

theless remained a mesoderm, or something that has been

added later, as a final layer. The knowledge which had been

first arrived at in connection with Vertabrata was soon ex-

tended to invertebrates. And here a great mistake was made:

this was in the case of those lower Metazoa where no leaf-like

mesoderm could be found in their ontogenies and where for

this reason the presence of a third body layer has simply been

denied. In this w^ay the notion of Diploblastica was created,

i.e. Metazoa with two germ layers, in contrast to the higher

developed Triploblastica. Later I will try to show that there

is no real justification to believe in the existence of Diplob-

lastica.

There has been a clarification of concepts during the second

period which developed under the influence of the theory of

evolution, due to the theory of recapitulation. It was very soon

(in 1859, when the notion of Coelenterata was created by

Leuckart) that the interpretation of these problems became

stabilized; and they have been preserved, with few changes

only, down to the present day. It is because of this generally

accepted situation that it is so difficult to weaken the erroneous

basis of this view and to propose something new in its stead.

This stabilized interpretation which sees in Cnidaria, and here-

with in all Coelenterata, primarily simple animals that consist

of two germ layers has been accepted by all the great authori-

ties in the field of zoology, beginning with Ernst Haeckel.

It is certain that it was Ernst Haeckel who developed in

detail the basis of the interpretation of Cnidaria and of their

gradation. He accepted Leuckart's interpretation of Coelen-

terata because it seemed suitable to the principle of evolution:

whatever shows a simple structure is primary, and it is fol-

lowed by a progressive evolution. In this way it was not only

the sequence: Spongiaria-Cnidaria-Ctenophora which seemed

to agree with the "natural evolution," but there was even

within the group of Cnidaria the "natural" sequence Hydro-
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2oa-Scypho2oa-Antho2oa which has seemed to indicate a

progressive development. Frequently the latter two classes have

been united under the name Scyphozoa; for a long time it was

believed that both Anthozoa and Scyphozoa have an ectodermal

gullet (pharyx). It is worth mentioning that Haeckel himself

was partly irresolute whether the border line between Coelente-

rata and the more highly developed Coelomata should be

placed between Ctenophora and the lower Turbellaria, or some-

what higher so that Turbellaria could be included among
Coelenterata; it was clear that there was a relationship between

Ctenophora (particularly those that lived on the sea bottom)

and Turbellaria whose structure seems to be quite close to the

structure of the former— and for this reason these lower

"worms" could not be genuine Coelomata. On the other hand

such an extension of the sphere of Coelenterata could lead to

a muddle and to a system which it would be difficult to survey.

Carl Borner (1923) later proposed to associate Platyhel-

minthes and Acanthocephala more closely with Coelenterata.

Still, some changes were proposed in spite of the fact

that this part of the natural system of zoology appeared

very stable and that it had been generally accepted. T. H.

Huxley (1875) already expressed his doubts that there was

a close relationship between Spongiae and other Coelenterata,

and generally to Metazoa. It was Sollas (1884) who succeeded

in transforming this doubt into a fact, into a truth; he made
a definite separation of Spongiae, asParazoa, from Eumeta-

zoa as the genuine Metazoa. This radical step was well

supported by numerous and fundamental differences that

occur both in the structures and in the ways of life of

Spongiae and of other Metazoa. Even greater differences

have later been observed in connection with their onto-

genies. Delage tried to emphasize this difference when he in-

vented the name Enantiozoa for Spongiae, i.e. Spongiae are

Metazoa in whose ontogenies the layers of their bodies become

inverted: that layer of cells, which in an embryo or in a larva

occurs in their external or anterior parts, develops into the
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intestine (enioderm) of Eumetazoa, and the internal or poste-

rior layers of cells into their skin (ectoderm).

Such is the situation that appears when we try to make a

comparison between two items which are, as a matter of fact,

incomparable: we are now certain that Parazoa and Eumetazoa,

i.e. all the remaining polycellular animals, cannot have the

same origin. It is therefore necessary to separate the Spongiae

definitely and for ever from Cnidaria and Ctenophora, and

they can not be included among Coelenterata. Even the most

recent attempts to try and halt the progress made by Sollas

and Delage cannot change this situation. These attempts have

been made, as it has already been mentioned, by Tuzet and her

collaborators who try to find a justification for this mainly in

a supposed discovery of nerve cells in Spongiae, and by

Sachwatkin (1956) who tries to overcome the unbridgeable

differences that exist in their ontogenies.

Nobody has foUow^ed the attempt made by K. C. Schneider

(1902) who proposed to connect phylogenetically Spongiae and

Ctenophora, with a simultaneous exclusion of Cnidaria from

this group, which he had called Diskyneta. This has been, to

my knowledge, the only attempt w^hich has endeavoured radi-

cally to separate the Cnidaria from Ctenophora and in this

way to give up the gtoup of Coelenterata; the attempt, how-

ever, remained unsuccessful. TiU now the Cnidaria and Cteno-

phora have been looked upon as closely connected with each

other. The main difference which has been mentioned in this

connection has been the presence, or the absence, of cnidae

(it has been due to this that the names Cnidaria and Acnidaria

have been introduced): yet this difference is not by far of the

most decisive importance. Even if Ctenophora quite generally

possessed their own genuine cnidae, as this has repeatedly been

supposed to be the case in the species Haeckelia (Euchlora)

rubra, it would still be necessary to make a clear distinction

between Ctenophora and Cnidaria. Cnidae, however, such as

they occur in E//r/6/or^,'could actually be of an extraneous origin,

as this has already been mentioned above.
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Jiirgen W. Harms (1924) also separated Cnidaria from Cteno-

phora in his somew hat bizarre system of the animal world;

this separation was less radical than the former and it is based

on other reasons. The first of his three circles was sub-

divided into three subcircles; it is defined well enough because

it includes all the animal groups which have primarily— as

modified Gastraeadae—no anal orifice (aproctous animals; here

he should have omitted Spongiae); he uses for his subdivisions

the criterion of stability. Harms included in his first subcircle

Porifera, Cnidaria, and Turbellaria as labile and regulative

forms ("Regulationsformen"). The second subcircle includes

the parasitic Platyhelminthes as semi-stabile forms with a partly

constant number of cells. The Ctenophora and Acanthocephala,

as blindly ending branches of the animal world, with a constant

number of cells (this, however, is not even true for Ctenophora)

and their stability, have been placed by Harms into the third

subcircle; yet, as a matter of fact the Acanthocephala are not

primarily aproctous animals: the absence of the whole digestive

apparatus, and thus also of the anal orifice, is in these animals

a secondary phenomenon since the loss of these organs has

been caused by their parasitism.

Among the almost innumerable attempts to construct a

natural animal system there are a few who have tried to abandon

the notion and the category of Coelenterata (Hyman, Bekle-

mischew, Perrier, Dudich, etc.). Here we are able to mention a

few such cases only. Such authors have usually gone back to the

old notion and name of Radiata or Radiaha, excluding from

them Spongiae and Echinodermata. This was made for example,

by L. H. Hyman (she uses them as a contrast to Bilateria,

adding "Cnidaria [or] Coelenterata"); Beklemischew (1958)

divides Metazoa first into Enantiozoa (after Delage, for Pori-

fera) and Enterozoa; the latter are subdivided into Radialia

and Bilateria; Radialia, finally, consist of Cnidaria and Acnida-

ria. Dudich (1957) divides Eumetazoa into Acoelomata (i.e.

Cnidaria and Ctenophora) and Coelomata (Proto- and Deutero-

stomia). Dogiel (1947) takes over the old division into Diplo-
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blastica or Radiata—which consist of Spongiae and Coelente-

rata—and Triploblastica (Bilateria). The influence of the histo-

rical moment (or of conservatism?) can be seen in the fact

that the old notion of Radiata reappears again and again

to be used for systematic-taxonomic purposes, even if in the

mean time it has become clear that it is not in Cnidaria

only that radial symmetry can be found (in Cnidaria this

symmetry is not even completely developed), and that it is

arbitrary (even if correct) to exclude Echinodermata from Radi-

ata. It was due to this influence that it has not been perceived

that the radially symmetric distribution of various parts (the

formation of antimeres) is not connected with any definite type

of structure, and that instead it can appear at any level of

organization, even if the more or less perfect development of

this symmetry can vary: the only condition for it is the adoption

of a sessile way of life. Exactly as it has finally become necessary

to accept the fact that, phyletically, Cnidaria have nothing in

common with Echinodermata even if they are both (secon-

darily!) more or less radially symmetric, it will be necessary

to get used to the fact that Ctenophora must be separated from

Cnidaria— like Echinodermata— even if they are not widely

different from them: each has developed out of its own "root"

and it was the ancestors only of these two groups which were

closely related to each other; in both cases the ancestors were

turbellarians, yet of different subtypes. The same is naturally

true— yet to a considerably greater degree—for the mutual

connections between Porifera and Cnidaria.

For historical reasons and because of their external ap-

pearance Cnidaria have always been— justly, as it has seemed—
connected with Ctenophora. The latter are occasionally called

Acnidaria (Biitschli) in order particularly to emphasize in this

way their close connection with Cnidaria. The names of these

animals have been repeatedly changed in the more distant past

as this can be seen in Krumbach (1928); frequently they were

called Acalepha, i.e. medusae. Their jelly like, even watery,

consistency, their life in plankton, the strong contractility of
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their tentacles (even if it is developed in one pair of tentacles

only), the inclination to adopt the radial symmetry, and many
other minor morphologic phenomena which Haeckel could

find in his Hydromedusa Ctenaria ctenophora (with a very sug-

gestive name !), all these facts have helped to preserve the idea

firmly and faithfully which connects Ctenophora closely with

Cnidaria. And what has been the attitude towards those differ-

ences that are even more numerous and all-important? These

have simply been pushed aside while at the same time attempts

have constantly been made to connect these two animal types

by way of a common origin; yet these attempts have always

remained fruitless. When finally Haeckel's attempt with his

Ctenaria had completely failed, new assays wxre made in the

search for the ancestor in the hope to find it in the most remote

past. Thus Goette (1912) proposed, to derive the Ctenophora

from a common primitive form which was constructed ad hoc

and which he called a "Scyphula;" this "Scyphula" was freely

swimming and "binumeral" (''\wei:(ahli£^) (A fine example

of a "suitcase theory" [''Koffertheorie"]. Those scyphulae which

had remained in plankton developed into Ctenophora, and

those that had sunk to the sea bottom evolved into the sessile

scyphopolyps, first without a medusa stage. This artificial con-

struction could find no acceptance. Not very different from it

was the interpretation proposed by Heider (1913) who has

tried to derive Ctenophora— surprisingly enough by way of

neoteny—from the anthozoan larvae that had lived in the

pelagic zone. Heider believed that there was some larval element

in Ctenophora.

It has been a sign of emergency when attempts have been

made to go even further back into an already completely in-

different past and when the most simply built planula, a modi-

fied "gastraea" which had lived in the plankton began to be

considered as a starting point for the evolution of all the lowest

invertebrates. In this way the question of the origin has been

completely watered down. This is how the problem of the

origin of Ctenophora, and thus of their relationship connec-
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tions to Cnidaria, remained unsolved until a new hypothesis

was proposed by me, 39 years ago (Hadzi, 1923 a), according

to which Ctenophora had been evolved from planktonic

larvae of the polyclad Turbellaria which had been further de-

veloped in plankton by way of neoteny. On the basis of this

hypothesis we can best explain the much discussed problem of

the genetic relationship betw^een Turbellaria and Ctenophora.

It has been generally recognized and accepted that there were

such close relationship connections, particularly as regards

the Polycladida among Turbellaria. In this way we can make a

completely satisfactory explanation both of their general forms,

as well as of their symmetric conditions, of their internal

structures, and of their ontogenies. Th. Krumbach (1928) w^ho

made a detailed study of Ctenophora for his Handbuch derZoo-

logie (edited Kiikenthal, and later by Krumbach) has given a

critical evaluation of all hypotheses which have tried to ex-

plain their origin; he has come closest to the best solution when
he wrote, "Die Ctenophora stehen den TurbeUarien nahe, ste-

hen keiner Bilateriengruppe so nahe wie den TurbeUarien"

(p. 978). In the same book E. Bresslau and E. Reisinger (1913)

have emphasized how my hypothesis "die eigenartige biradiale

Symmetrie der Rippenquallen auf ein Kompromiss zwischen

der ererbten bilateralen Symmetrie der Protrochula und der

Tendenz zur Radialsymmetrie infolge der planktonischen Le-

bensweise zuriickzufiihren sucht."

L. H. Hyman(I: 693-695) refuses to derive Ctenophora from

the Cnidaria, especially out of Hydrozoa (Hydroctena!); she

prefers to go further back to the very primitive, i.e. com-

pletely indifferent ancestors which she supposes to be common
to all the "trachyline-hydrozoan, scyphozoan, and anthozoan

Unes." We have already characterized such an attempt to be

simply an auxiliary solution. Hyman does not even mention

my hypothesis; it is possible that this hypothesis was not known
to her even if it is mentioned—though not in the chapter on

Ctenophora—in the extensive Handbuch der Zoologie. Hyman,
however, finally returns to the problem of Ctenophora in a
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supplement to the fifth volume of her book The Invertebrates

where my hypothesis can also be found mentioned under the

title "Retrospect" (p. 730). She refuses straightforwardly to

accept my hypothesis which she calls "the fantastic theory of

Hadzi," and adds, "Hadzi gives no real grounds for this view,

only theoretical vaporizing." This opinion, or rather judgment,

is not only unjust, it is also wrong. The way I proceeded to

found my hypothesis has been exactly the same as has been

done by other zoologists, Hyman included. I referred to well-

established facts which I tried to bring into a new focus and to

give them new interpretations. In this connection Hyman has

omitted to mention that in the meantime, P. Us (1932), one of

my students, succeeded in proving the older data about the

development of the mesoderm in Ctenophora as it had been

published by Metschnikoff to be essentially correct (Fig.

15). One w^ould expect in an objective criticism, to be able

to find at least some arguments quoted and an honest statement

that there have been zoologists who have considered my hypo-

thesis to be feasable,at least before the author begins a straight-

forward refusal of my thesis. In this connection Hyman could

have remembered what she read in the article "Evolution of

Metazoa" by Sir Gavin de Beer (in the book ^'E^volution as a

Process,"'' 1954). In it a paragraph from the book by MacBride is

quoted which refers to Lang, and which states that the ciUary

seams of the eight lobes that occur in Mliller's larva are

"jointed edgewise so as to form combs." Anyhow, on the basis

of the numerous similarities that exist between Ctenophora

and Polycladida, MacBride, according to de Beer, comes to

the conclusion "that Miiller's larva represents a pelagic Cteno-

phore—like adult ancestor of Polyclada, and that the Platy-

helminthes were evolved from the Ctenophora." De Beer

accepts my hypothesis because he obviously thinks it to be

better founded and more probable than other previous hypo-

theses. In the introduction to the present study it has been

mentioned that in our research in the phylogenetic problems

no progress can be made without some imagination, or rather

I
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Fig. 15. Young ontogenetic phase of Ctenophora; the dense dotted

cells are the primordium of the mcsohyl (mesoderm). A, longitu-

dinal section. B, oral view of the embryo (after Us).

without an esprit, particularly in those cases where no fossil

documents can be found, yet we should realize that this is far

from a "fantastic theory" and "theoretical vaporizing."

It should be mentioned in this connection that it is wrong
to speak about a "degradation of ctenophores from polyclad

larvae;" on the contrary, in my opinion, the evolution of

Ctenophora as animals that live in plankton has been pro-

gressive; their starting point, the supposed polyclad larva, has

also reached a much higher level of evolution than any

constructed planuloid form of an "Urcoelenterate" from

which Hyman derives both Cnidaria and Ctenophora by way

of an equally constructed medusa, a construction which itself
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is not without some fantasy (cf. the "Hypothetical Diagram"
in vol. I., p. 38 of Hyman's work). The reader should also

then compare how I explain and understand the origin of

bisymmetry in Ctenophora and how this is done by

Hyman; she simply writes, "The biradial symmetry of cteno-

phores is obviously derivative of tetramerous radial symmetry,

as seen in Hydrozoan medusae." I should only like to ask

why the bisymmetry should be developed from a radial

symmetry during the life of the animal in the plankton?

We must be aware of the fact that in Ctenophora the paired

system can be observed not only in their tentacles.

Here it should be emphasized that no facts are available

—

as far as I can see them—which disprove the validity of my
hypothesis. For some time it seemed that there was an essential

difference between Ctenophora and Turbellaria; this difference

was thought to be found in the ontogenetic development of

the mesoderm (mesohyl). Ctenophora have, according to

Metschnikoff, a "genuine mesoderm," such as it also occurs

in Turbellaria, particularly in Polycladida among the latter.

Hatschek, however, who later investigated the development

•of Ctenophora maintained that Metschnikoff had made a

mistake and that those groups of cells which had been consi-

dered by Metschnikoff to be an Anlage of a genuine mesoderm

belonged in reality to the entoderm. This study by Hatschek

which had been completed and illustrated was unfortunately

never published. The two authors of the standard work on

the ontogeny of invertebrates (Korschelt and Heider, 1936.

p. 265) were able to see Hatschek's pictures and they were

convinced that his explanations were right. In this they have

been followed by Hyman. If no further progress had later

been made in this field then the close connection between

Ctenophora and Cnidaria would have seemed to be a firmly

established fact. I selected this theme for a doctoral thesis

to be investigated by one of my students, Peter Us; he made

a new investigation of this point in the ontogeny of Cteno-

phora. This investigation was constantly made under my
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guidance and supervision. Us (1932) succeeded in showing

that MetschnikoflF's results correspond fully to the actual

facts. In this way the difficulty has been removed, the Cteno-

phores have a mesoderm and this helps to prove the accuracy

of my hypothesis which tries to derive Ctenophora from the

planktonic polyclad larvae.

Much later, I found that I was neither the first nor the only

person who formulated this idea about the origin of Cteno-

phora. Garstang developed his idea to explain the origin of

Ctenophora from the Miiller's larva of Polycladida by way
of neoteny; this idea was proposed in an ingenious poetical

w^ork whose form, however, did not correspond to that of a

serious scholarly interpretation. It was published by Hardy

in 1954. I have briefly mentioned this case in the introduction

to the present study.

The origin of Turbellaria, and especially of Polycladida,

from the Ctenophora has been discussed much more than

the origin of Ctenophora. The reason for this can be found

in the large number of similarities that exist between Cteno-

phora and Polycladida; it has been much more obvious to

explain these similarities as being due to a development of

Polycladida with their compUcated genital mechanisms from

the simply built Ctenophora, than vice versa. This inter-

pretation has seemed to be supported by the discovery of

benthonic, and therefore flattened, species of Ctenophora,

e.g. Coeloplana, Platyctena, etc. Lang (1880) who had proposed

this theory, has been followed by numerous zoologists.

Nevertheless it soon became clear that these species of

benthonic Ctenophora cannot be anything but aberrant species

which can lead to no new forms except such as for example

the sessile Tjalfiella. In this way the Ctenophora must definitely

be excluded from the line of evolution of the so-called Coelo-

mata or Bilateria. They only represent a blindly ending side-

branch on the tree of the animal world.

Finally, it should be mentioned that there have even been

some zoologists who have tried to find a solution of the

7
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problem of the origin of Ctenophora in the nebulous idea

of Gastraeadae which they consider to be the common origin

of Spongiae, Cnidaria, and Ctenophora, while at the same

time they wish to give up the old taxon of Coelenterata. This

should be done, according to this interpretation, first, because

their supposed common origin goes too far back into a

vague past, and, secondly, because in the mean time these

three types (Spongiae, Cnidaria, Ctenophora) have had such

widely diverging evolutions that it is now senseless to try

to bring them into one unit. E. Perrier (1921 pp. 284-5), for

example wrote in connection with his statement that Cteno-

phora had a genuine mesoderm, "... font douter qu'on

doive rattacher reellement les Ctenophores a I'embranchement

des Coelenteres." In spite of this E. Perrier (1921) divides

Metazoa into Phytozoaires and Artiozoaires, and he mentions

as "embranchements" of Phytozoaires: (1) Coelenteres, (2)

Spongiaires, and (3) Echinodermes.

We are fully convinced that sooner or later, the taxon

Coelenterata will be completely abandoned and that Cnidaria

will be the only group which will survive within the frame

of Coelenterata; so that finally the names Cnidaria and Coelente-

rata will become synonymus. In this way Cnidaria will become

isolated, yet this isolation will be an apparent isolation only,

because at the same time it will become possible to connect

them, by w^ay of a supposed derivation from Turbellaria, to

a higher category, i.e. to the large group (phylum s. lat.)

of Ameria.

Here it should suffice briefly to touch the problem of the

connection between Cnidaria and Echinodermata. This prob-

lem has repeatedly appeared in the literature since the days

of Lamarck and Cuvier and it is connected wdth the names

Radiata or Radialia. The name itself indicates that it is the

similarity of symmetric condition only which is here constant-

ly being taken into consideration; yet the conditions are not

identical: in Echinodermata a pure radial symmetry is really

an exception due to a secondary omission of their anal orifice
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as is the case in Ophiuroidea; while at the same time the

primarily aproctous Cnidaria usually have—with exceptions

that can be found above all in the Anthozoa— a pure radial sym-

metry. We have earlier pointed out that the radial symmetry

does not depend on a certain type of the structure and that it is

entirely and exclusively influenced by the type of the contact

with the environment. The sessile way of life will produce

the radial symmetry whatever the type of the structure may
be. In a natural system we are therefore not allowed to base

a taxonomic unit mainly on such a factor. The names, however,

of Radiata or Radialia have been widely compromised and so

it is better to avoid them altogether whenever we discuss

systematic categories, groups, or taxons. In the zoological

literature one can even find cases where Mesozoa, too, can

be found attributed to Radiata, either directly (D'Ancona

1955), or as a kind of an appendix to the latter (Biitschli 1921).

The Echinodermata, however, do not belong even near the

vicinity of Cnidaria; their true position is far away from the

latter, among the Oligomeria.

It is interesting to see in this connection how a faithful

adherent to the taxon Radiata (E. Perrier) explains the origin

of the two groups of Metazoa: the Phytozoaires (i.e. Radiata)

and the Artozoaires : According to him the freely swimming
Gastraeadae were the first Metazoa. These began to settle on

the sea bottom where they grew larger and it was in this way
that the radially symmetric Radiata together with Echinoder-

mata developed; or they began to creep over the substratum,

and this was the way how the bilaterally symmetric "Artiozo-

aires" evolved.

The Origin of Cnidaria

Before we begin to discuss the main problem of the present

study, i.e. the true nature and the origin of Cnidaria, we
have first to touch on the question, **what is the primary or

fundamental form of Cnidaria?" It is weU known that

7*
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two forms exist in Cnidaria, and at the first sight they appear

to be rather different; above all they differ considerably in

their ways of life. These two forms are that of the polyp and

that of the medusa. In the literature three possible explanations

can be found supported by various scholars: (1) The polyp

is the initial form which has been further developed into

the medusa as a secondary form; this type of evolution

can frequently be observed in recent species. (2) The form

of medusa is the primary form; out of this form the polyp

has been developed as a larval or post-larval ontogenetic

stage; it is possible that this polyp finally takes over the

reproductive function. (3) The forms ofpolyps and of medusae

have been evolved in parallell out of an indifferent form;

in this way we can imagine "Polyp und Meduse (seien) essen-

tiell . . . fiir den Typus des Nesseltieres," as this has been

expressed by E. Reisinger (1957, p. 695).

The last (neutral) of the above m^entioned three possibilities

seems to be the one least probable. It cannot be proved and

it is not supported by any facts. The existence of numerous

species of Cnidaria with a complete metagenesis which can

be observed particularly among Hydrozoa, somewhat less

among Scyphozoa, and not at all among Anthozoa, can be

explained by way of any of the above three possibilities.

As regards their origin, the conditions in Lucernariidae among

Scyphozoa, and in Narcomedusae among Hydrozoa seem to

support the third interpretation. Yet these two cases can also

be explained on the basis of the first variant, as will be

later explained in more detail. Neither Lucernariidae nor

Narcomedusae can with certainty be considered to be primitive

forms. On the contrary, they are both highly specialized and

their position is at the periphery of the groups they belong

to. In this way the two opposite possibilities finally remain

;

polyp or medusa as the primitive form. Let us first take into

consideration the second possibility.

There are some zoologists— even if they do not represent

a majority of them—who have investigated the Cnidaria and
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who have firmly accepted the interpretation (or who have been

more or less inclined to accept it) which considers the form

of the medusa to be the primary form. The adherents to this

theory refer above all to its complete radial symmetry and

to its life in plankton which are both considered to be a sign

of primitiveness. Moreover, there are many species of Cnidaria

which occur in the form of medusa only, where this form is

therefore directly developed out of a planktonic planula. All the

elements which occur in Siphonophora can be traced back

to a modiiEed form of medusa (according to the medusa

theory). The Anlagen of medusoids appear very early in their

ontogenies. Yet all these and many other facts which are

referred to by those who support the theory of the primacy

of the medusa form can be explained even more easily and

probably, on the basis of the first interpretation. Even if

we disregard the fact that a polyp has never been developed

from a medusa (either by way of proliferation or by way of

fission) and that the development has always been exactly

in the opposite direction so that medusae have been developed

out of polyps, we are hardly able to imagine how a highly

developed creature with a complicated structure as can be

observed in medusae could have evolved out of a planuloid

form. One of the most recent advocates of the primacy of

the medusa form is L. H. Hyman (I: 634 ff); her arguments

can be used here as an illustration of this thesis. Initially, she

admits that "nothing definitive can be said" about the origin

of Cnidaria. Yet in spite of this she later expresses the follow-

ing opinion, "It seems unavoidable to assume that they come

from a gastrea type ..." Then she tries to help herself with

Naef's '^Metagastraea'^ as the next higher stage ; this had been

further evolved into an"^^//W^"which corresponds, according

to her, to the present-day actinula larva. What, however, is

an actinula? It is clearly a larval stage of a polyp, and it is

already highly specialized so that it can be found in Hydroidea

only, e.g. only in the highly specialized Tubulariidae. The
Actinula descends, so to speak, to the bottom and develops
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into a sessile hydropolyp. It is in the Trachylinae only whose
hypogenetic character is a secondary phenomenon because

they have secondarily lost their polyp generation (which had

been their first and primitive generation) that a polypoid

larva had been developed due to their adaptation to the life

in plankton. The evolution of this truly polypoid larva of

Trachylinae has been— in connection with its parasitism—pro-

gressive and it led finally to a new asexually produced genera-

tion.

The rigid adherence to a wrong interpretation of the polyp

form in general— and not of Trachylinae only as secondary

larval forms— has induced Hyman to the following absurd

conclusion, "The hydroid colony thus represents a persistent

larval state." In the same way we could be justified to call

the medusoid form a persistent larval form of the polyp. Hyman
believes that "something like the present actinula larva"

was the universal starting point even of Siphonophora, and

this was, at a very early point. The Scyphozoa, which could

be explained even more easily as exclusively medusoid forms,

have been evolved, according to Hyman, from the Trachy-

linae. The Anthozoa, the third subtype of Cnidaria can then

be easily deduced from a scyphistoma which is, naturally

enough, again a larvoid form. It is surprising how Hyman
acknowledges, and this without any explanation, that in

these, "all trace of the medusa is lacking."

The interpretation which considers the medusa form to be

the primary form can be defended only if we accept the

proposition that the phylogenetic development of Cnidaria

began with the Hydrozoa and that it was progressive

because no medusa can be found in Anthozoa. This proposi-

tion has been generally defended as the correct interpretation.

Yet even if we disregard this we can find facts which support

the idea of the primacy of the polyp form. We have here,

besides others, the fact that medusae develop regularly out

of polyps; in those cases w^here a medusa is developed directly

out of its egg— a phenomenon which has been given a special
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name (hypogenetic development according to Haeckel)—we
find that the circumstances (especially the closer relationship)

indicate that this direct development is a secondary phenome-

non only. Here it should be mentioned that the planktonic

way of life must be considered as secondary in comparison

to the benthonic way of life. On the basis of this view we can

explain that the polyp which became secondarily free, has

been developed into the medusoid form as a secondary form

Fig. 16. Three examples of reduced free swimming hydromedusae.
A, Pennaria sp. (without tentacles, after Hyman). B, Eugymnanthea
/«^///7/«^Palombi (without tentacles and manubrium, after Palombi).

C, Millepora sp. (after Delage & Herouard).

whose organization is much higher because it is connected

with the free movement. It must be admitted, however, that

it is possible to imagine a retrogressive development by way
of which the form of medusa evolves into something that

resembles a polyp form. Such processes have actually taken

place both among Scyphozoa (Lucernariidae) as well as among
Hydrozoa (very numerous instances). Yet in all appearance no

genuine polyp has ever been developed in this way, but only

some polypoidal forms. In the Lucernariidae this has

led to a polypo-medusoid form which can be easily recognized

as such; in Hydrozoa we can find medusae which are in this

way strongly degenerated (resimplified) inasmuch as they have

remained freely swimming animals, (see Fig. 16) or they have

been degraded into the organs of cormi by becoming attached
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as buds to the latter (see Fig. 17); and, finally, they have comple-

tely disappeared when they have abandoned the state of

cormi (the form of a colony). This has been more than probably

the case with the freshwater Hydrae.

Again and again the adherents to the idea of the primacy

of the medusa form refer to the hypogenetic trachvlinae

Hydromedusae(Narco- and Trachy-medusae)
;
yet these schol-

Fig. 17. Progressive reduction of sessile medusae (medusoids).

A, B, Eumedusoids oiTiibularia and Campanularia. C,D,cryptomed-
usoid (Gonothyrea ,Clava, etc.). E, heteromedusoid (Grammaria sp.).

F, G, styloids (Riidendrium^ etc.). (After Kiihn and Broch.)

ars are inconsistent because they do not place Trachylinae

in a classification, which is supposed to be natural, at the

beginning of Cnidaria, but rather—which is actually quite

correct— close to their end, usually as the penultimate group,

followed by Siphonophora, i.e. they classify them as one of

the most specialized groups (cf. the system proposed by

Hyman).

The hypothesis of an actinula as a primitive form and as

an ancestor of Narcomedusae as well as of Hydroidea, and

thus of all Hydrozoa, and in the last line of all Cnidaria, had
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been earlier defended by Hjalmar Broch, the author of articles

on Hydroidea and Narcomedusae in the extensive German
work Handhich der Zoologie (1924), edited by Kiikenthal-

Krumbach. Broch considered budding to be a common and

a very old property which had thus been introduced indepen-

dently in the planktonic Narcomedusae. This violates the

generally accepted rule that budding is due to the sessile

way of life and that it can be transferred afterwards to descen-

dants which have later adopted the pelagic way of life (e.g.

parasitic larvae of some Narcomedusae). Another difficulty

the adherents to the actinula hypothesis meet is the question

of the origin of Hydromedusae in the benthonic cormi

(colonies). One can refer here to the proposition made by

Goette (1912) who tried to derive the metagenetic forms of

Hydromedusae from the sessile medusoids.

Here we must briefly touch one of the extreme and least

probable hypotheses which try to derive the Cnidaria from

the primitive forms that live in the pelagic zone. This

is the so-called medusom theory which has been proposed

by F. Moser (1921-1924). During her study of Siphonophora

she came to the idea that the larvae of Siphonophora might

correspond exactly to the primitive form of Hydrozoa and,

in connection with this— even if she does not state it expli-

citly— of all Cnidaria. First numxcrous medusoid organs have

developed which have later evolved into full members i.e.

persons (suhindivides) of colonies. In the benthonic colonies of

the Hydroidea which are a result of a later development,

hydromedusae and polyps have again evolved on their own
account. Hyman (1940 I: 636), too, considers this hypothesis

to be "not very convincing," and I have submitted it to a

severe criticism (Hadzi, 1926) in w^hich I have shown its

complete untenability. It is certainly absurd to try to find

the origin of Hydrozoa in Siphonophora, even in their most

primitive forms, since there can be no doubt that they reaUy

represent the climax of a progressive and specializing evolution

of the colony of Hydrozoa. The very first premise in the
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concept proposed by Moser— according to which the form of

the ancestors of Cnidaria is recapitulated in the siphonula, or

in the larva of Siphonophora— is unacceptable and wrong;

and the consequences of this supposition are even more so.

An individual can never be developed out of an organ,

neither can a polyp be evolved out of a medusa. According

to this hypothesis proposed by Moser, the Hydromedusae

had been developed four times independently from each other,

both in plankton as well as in the benthos. It can be truly

said that, fortunately enough, Moser has never been followed

by anybody else in this interpretation she had proposed.

It must be regretted that such an obviously improbable con-

struction could have found admittance into a representative

manual on zoology. The construction itself has a purely

historical interest now as an entirely erroneous attempt.

Finally we must mention here also the case of Halammohydra,

an aberrant Narcomedusa (see Hadzi, 1959 b), Halammohydra

is actually not the only Hydromedusa that has readopted

a benthonic way of life, yet in their evolution they have deve-

loped farthest away from the typical medusa form because

they have become adapted to a Ufe in sand on the sea bottom

(Fig. 18). One could expect that they would evolve into a

polyp form. Yet here the validity of Dollo's rule of irrever-

sibility has again been proved. Though Halammohydra has

undergone a very considerable change, this change, has not

been so intensive (fortunately enough for zoologists!) that

their nature as Narcomedusae could not be clearly recognized.

The supposed polypoid characteristics which have been

thought to have been identified by A. Remane, the discoverer

of this aberrant form, and by other scholars, are in reality

the excessively changed medusoid properties only, the general

polypoid shape is due to a strong reduction of the umbrella

and to a considerable lengthening of the manubium. It is

interesting to notice that a general ciUation of its skin has

secondarily reappeared in this medusa, a case which has been

explained by A. Remane as an indication of a neoteny. Thus



PREVIOUS INTERPRETATIONS OF CNIDARIA 95

Fig. 18. Aberrant benthonic narcomedusa: Otohydra vagans Swed-
mark & Teissier, with preserved otocysts; A, side-view, B, oral-

view, (After Swedmark and Teissier.)

Dollo's rule (which was proposed, according to L. Cuenot,

first by Edgar Quinet, [1870]) does not seem to be valid for

individual characteristics which are probably due to the

mutation of a single gene. We can conclude, as a result of

this discussion, that without any doubt the polyp form is

the primitive, the initial form in all Cnidaria, and that this

form has been secondarily developed into the medusa form.

Later we shall try to show how this development took place

twice and independently from each other.

The Right Sequence of the Cnidaria Groups

The second major problem we meet in our study of Cnidaria

is whether we should arrange the three generally accepted

subgroups of Cnidaria which have been given the title of

classes, as one after the other, i.e. Hydrozoa—Scyphozoa
-Anthozoa, or conversely. It should be remarked in passing

that repeated attempts have been made, particularly by
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Goette, to prove the close relationship between Scyphozoa

and Anthozoa and to unite them into one class. The main
reason for these attempts has been the supposed presence

of an ectodermal pharynx both in Scyphozoa as well as in

Anthozoa. There can be no doubt that an ectodermal gullet

does really occur in Anthozoa. On the other hand, I succeeded

in showing several years ago (Hadzi, 1911), that the Scyphozoa

do not possess an ectodermal gullet. It has even been found

that the opposite is really true, i.e. the oral area of the scypho-

polyp has been raised to an oral cone so that the limit between

the ectoderm and the entoderm runs along the oral margin.

Even if the taeniolae of scyphopolyps represent the

remains of the sarcosepta that can be found in Anthozoa,

they have nevertheless been developed in their own direction.

In this way the division of the t^'O subgroups of Cnidaria

into tv\'o independent classes seems to be fully justified.

If we disregard the form of medusa and if we take into

consideration the polyp form only, it could seem at first

sight to be justified to see in the sequence Hydrozoa— Scypho-

zoa— Anthozoa a progressive line of development. This would
fully correspond to the principle of evolution of a generally

progressive development. It is therefore understandable that

this sequence has generally and incontestably been regarded

as the sequence which agrees with the line that evolution

had taken; we can say that it has been accepted as a postulate

which nobody has even tried to touch or doubt.

To this should be added the fact that in connection with

Hydrozoa, and with the solitarily living Hydra,— hec2Lust

of the recapitulation theory—we have an example of a metazo-

an that embodies an ideal transition from Flagellata among
Protozoa to Metazoa and the ideal pattern of a gastraea

composed of two body layers. The difference between Hydra

and gastraea consists in its circlet of tentacles and in its life

on the bottom only. It was easy to derive first the scyphopolyp

and later the anthopolyp form Hjdra as the primitive form

of aU Hydrozoa. Everything seemed to agree well. Nothing
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amiss was seen in the fact that in Anthozoa there is one polyp

form only and no medusa form. Even among Hydrozoa as

well as among Scyphozoa there are species that possess no
medusa form, and it was possible that the Anthozoa, which
have no medusa form either, had completely lost this form
and generation.

An important mistake was made in the evaluation of the

conditions that prevail in the Cnidaria. The generally valid rule

that progressive evolution takes place in connection with the

normal way of life, with free movement, and the type of

feeding, had been forgotten or at least neglected. There is

always a more or less distinct retrogression in the organization

—and thus a regressive development—when the free move-
ment is abandoned and the sessile or the sedentary way of

life is adopted. This, however, does not exclude the possibility

that in spite of a general retrogression of the organization

a progressive development could be observed in some details,

i.e. in the new developed strictly adaptive characteristics.

Thus this rule whose general validity has already been proved in

connection with the study of Protozoa (compare Euciliata with

Suctoria !) would not be valid in connection with Cnidaria

!

The regressive, or, as it has also been less fortunately

called, degenerative development of Cnidaria refers to their

basic form, i.e. to the form of polyp. Yet the secondary form
of medusa supports, if it is interpreted correctly, the idea

of a retrogressive evolution in Cnidaria because the emergence

of the medusa form (which has actually twice taken place,

first in Scyphozoa and later in Hydrozoa) agrees with this

rule since the release of a polyp represents the beginning of

a new progressive development. The medusa as a freely

living form which swims actively in plankton has reached

an unquestionably higher level in its organization. The same
medusae, however—and this is true both for Scyphomedusae
as well as for Hydromedusae—can retrogress so that they

cannot even be discerned any longer. They even become
"degenerated" (in this case the usage of this word is approp-
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riate), to the level of an organ and, finally, they disappear

without any trace when the animal adopts the colonial status.

It would suffice to take into consideration only the unavoid-

able consequences of the sedentary way of life in order to

show the untenability of the concept which has been proposed

of a progressive evolution in Cnidaria. Further proofs of the

accuracy of our interpretation can be made by a morpholo-

gical comparison together wdth a simultaneous consideration

of the ecological condition.

First we shall discuss here the symmetrical conditions; they

are the most conspicuous element and they have actually been

the first reason why scholars have begun to doubt the accuracy

of the idea of a progressive line of evolution in Cnidaria.

The palaeozoologists were the first who became aware of

this fact; in connection with a detailed analysis of the

internal skeleton of Madreporaria among Anthopolyps

they have discovered that the sclerosepta do not agree with

the radial symmetry of these animals as one would expect

particularly if we consider the Anthozoa as the most highly

developed Cnidaria. It was Otto H. Schindewolf (1930)

who has especially discussed this fact in great detail. We can

read in his book Gnindlagen der Palaontologie (1950, Stuttgart,

p. 179), "Die erste Anlage des Septalapparates bei den Ptero-

korallen ist bilateral; die sechs Protosepten wxrden ausge-

sprochen zweiseitig-symmetrisch herausgebildet. Erst nach

ihrer vollen Ausgestaltung tritt erstmal eine radiale Symmetrie-

form hervor, und zwar ist diese hexamer, sechszahlig." To
this he continues, "Die Radialitat beschrankt sich jedoch

nur auf ein voriibergehendes Stadium." Similar conditions can

be observed in numerous recent Anthozoa, particularly those

that live as soUtary animals.

The palaeozoologist O. Kuhn (1939) has been lead by this

important fact to state, in spite of his reserved attitude with

regard to the "Wurzel der Coelenteraten," that the ancestral

form of Cnidaria must be imagined as a bilaterally built,

creeping, or freely swimming organism.
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We can observe in Cnidaria, as this has already been the

case with Ctenophora, that they also adhere to the rule accor-

ding to which the arrangement of the internal organs or parts

towards symmetrical conditions, is much more definite than

that of the peripheral organs. The external form soon becomes

changed to a radially symmetrical construction due to the

sessile w^ay of life or posture when the animal is firmly attached

at one end of its body; this has taken place in such a way
that the body which was initially more or less flattened, took

on a cylindric form. The earlier ventral and dorsal sides which

had previously slightly differed from each other have thus

obtained an identical form; the tentacles which in all proba-

bility had been earlier arranged in the form of a bow or of

a horse-shoe and whose number has been increased by way
of polymerization, have now developed into regular circlets.

Yet at the same time we find that in the digestive organs of

anthopolyps—and this is actually the septal apparatus—the

remains of an earlier bilateral symmetry have been preserved.

In ontogeny such traces have also been preserved in the pro-

cess of the formation of tentacles. Some insignificant remains

of this old bilateral symmetry can also be found in the young

scyphopolyps (the so-called scyphistomae). Any trace of a

former bilateral symmetry, however, is completely lost in

the adult Scyphozoa and particularly in the Hydrozoa.

There have been some neo-2oologists who did not take

easily to the fact of an internal bilateral symmetry observed

in Anthozoa. As early as 1879 it has been proposed by Haake

(according to Pax 1954, 288), that the primitive form of

"Zoophyta" must have been bilaterally symmetric and that

it has later become radially symmetrical because of their later

transition to a sessile way of life. Professor Dr. Ferdinand

Pax, an expert on the Anthozoa, pointed to the fact, in 1914,

"dass viele der primitivsten Aktinien, die noch einer Fusscheibe

entbehren, durch eine bilaterale Symmetric ausgezeichnet

sind" (Pax, 1954:2889). On the basis of this Pax concluded,

"Man konnte daher geneigt sein, die Aktinien von fusslosen.
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kriechenden oder grabenden Formen mit bilateraler Symmet-
ric abzuleiten, die spater mit dem Ubergange zur festsitzenden

Lebensweise eine radiale Symmetric erworbcn habcn . .

.

".

However this was as far as Pax could go. In the extensively

planned Handbuch der Zoologie where Pax contributed the

section on Hexactiniaria the old classification has been preserv-

ed: following the example of Kiickenthal wx find the Antho-

zoa as usually placed at the end of the system of Cnidaria.

A similar statement w^as made by the palaeozoologist O.

Kuhn (1939) whom I have already mentioned above, according

to w^hich all theories must be rejected which "von den Radialien

(Coelenterata) die Bilaterien ableiten und in der Ontogenie

von Larven den Ubergang von der Radialitat zur Bilateralitat

suchen". This statement has had practically no effect whatever

(cf. the books by Hyman, Kaestner, etc.) on subsequent

authors.

It is interesting to observe the attitude of neo-zoologists,

in their general treatments on Cnidaria, towards the fact of

internal bilateral symmetry or bisymmetry in these animals.

A. Kaestner (1954) in his recent work on zoology does not

even take into consideration this sufficiently important cir-

cumstance. At the beginning of his book w^e can only read

(1954:9) that "die Coelenterata (9,000 Arten) sind ausserlich

gekennzeichnet durch ihren radiaren Bau." In the special

part (1954:118) w^e find the brief explanation, "Ihre Anord-

nung (sc. of mesenteria) bringt wie der spaltformige Mund
einen Zug bilateraler Symmetric in die radiare Anlage der

Anthozoa," and, slightly later (1954:121), "die bilaterale

Symmetrieachse der Seerose" is briefly mentioned. No explana-

tion is given where this disturbance (as it can be justly called)

of an otherwise radial symmetry comes from, and of its

significance.

Something else can be found in the manual by Hyman.
She does not ignore the actual situation, instead she tries to

find some explanation of the internal bilateral symmetry ot

Anthozoa— a most unpleasant fact for all the adherents to the
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old interpretation—of a planula-like primitive form of Cnidaria

and of the primitiveness of the Hydrozoa. Yet at the same time

Hyman does not draw the necessary consequences. First she

brings for\^'ard some older attempts which had tried to explain

this bilateral symmetry. When she first mentions this phenome-

non (Hyman I. p. 539) she makes the correct statement that the

internal bilateral symmetry of Anthozoa must be a primary

property and that it could not have been later developed out

of a radial symmetry, a fact which appears especially clearly

in their embryology. However, Hyman explains at the end of

her discussion that this bilateral symmetry is a secondary phe-

nomenon.

On page 640 Hyman discusses this problem in more

detail. She mentions as the first possible interpretation the

opinion that the bilateral symmetry could have been developed

secondarily as a consequence of the "colonial life." Hyman is

right when she rejects this interpretation because the same sym-

metry occurs also in Actiniaria and Ceriantharia which are pri-

marily solitary animals. To this we could add that in the

"colonial" Hydroidea and Siphonophora cases are not rare

where the externally developed bilateral symmetry is clearly a

secondary phenomenon. The second interpretation mentioned

by Hyman and which is, in my opinion, the right one, proposes

that the present Anthozoa must go back to ancestors that had

crept over the sea bottom, because bilateral symmetry appears

in such animals. It can be easily understood that Hyman cannot

consider this interpretation to be a good one because it stands

in opposition to her concept of the origin of Cnidaria. A third

interpretation which has been especially supported by some

palaeontologists is based on the idea that the old Anthozoa

which had otherwise "stood" erect, had lain down on one side,

as must be supposed for some Tetracoralla, and it was

in this way that the bilateral symmetry has been developed.

Jagersten (1955:331), however, believes that this does not

explain the origin of the bilateral symmetry because, "the ec-

centric attachment was simply a part of the bilateral symmetry."

8
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Hyman finally proposes her own interpretation which she

naturally thinks to be the best and the one most acceptable.

Bilateral symmetry is a result of a secondary development

and it is due to the increased size of anthopolyps and, in con-

nection with this, to an increased need to send w^ater necessary

for respiration into the interior of the body by means of a quick

water current which is produced by siphonoglyphs. A normal

round oral opening was not suitable for this purpose; it was

for this reason that the mouth has become elongated.The bilate-

ral symmetry in the arrangement of sarcosepta is a consequence

of such a change. Even if we could accept as probable this

explanation of the origin of the elongated oral form and of the

siphonoglyphs, we must nevertheless reject it in view of the

fact that the bisymmetry (or the bilateral symmetry) does not

occur only in the arrangement of the sarcosepta but it can also

be found in the arrangement of the septal muscles which, are

not brought into connection with the water current—a fact

which has already been pointed out by Jagersten.

Thus we can conclude that so far nobody has succeeded in

explaining the origin of the internal bilateral symmetry obser-

ved in the Anthozoa on the basis of the presumption that it is

a secondary phenomenon.

Recently G. Jagersten (1955) has come to the conviction

that in the Anthozoa the bilateral symmetry must be a primary

property inherited from their ancestors. Jagersten, how^ever,

has come to this conviction along a different way from the

one I have taken and, as he maintains (Jagersten, 1955:333),

independently of me. In spite of this Jagersten uses the same

arguments I have used, and proposes to reverse the evolution-

ary sequence which has so far been considered as valid within

the system of the group of Cnidaria.

Above all Jagersten was interested in the origin of Metazoa,

and especially of Coelomata. He believed that this problem

could be solved best if he modernized the old gastraea theory

invented by Haeckel. For the purposes of such a moderniza-

tion he constructed a hypothetical intermediate stage which he
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called a Bilaterogastraea (Fig. 55). He placed it between the

blastea which had lived in plankton and those Metazoa that

actually exist. He believed that this was an animal which had

crept over the sea bottom, and in this it differed from the classi-

cal planktonic gastraea. Jagersten's theory of a bilaterogastraea

is essentially a variant of the old theory of Enterocoela which

had been proposed by Leuckart and Sedgwick. The only diffe-

rence is that here the Anlagen of the three pairs of the future

coelom cavities are connected with a somewhat higher stage

of development than the old gastraea had been. This is a typi-

cal suitcase theory (Koffertheorie) which is so general and all-

embracing that with only a small modification it will explain

anything! I have examined the opinions proposed by Jagers-

ten (Hadzi 1955), and I have rejected them because I have found

this interpretation improbable and unacceptable. Jagersten's

ideas will necessarily have the same fate as the ideas of the

blastea and of the gastraea which had beenproposedby Haeckel.

These ideas have finally had to be abandoned and there is no

modernization which could help them. In Jagersten's con-

cept, there are individual points only that are correct, e.g. his

opinion that the Cnidaria had been originally bilaterally sym-

metric animals, that the Anthozoa are the oldest form of Cni-

daria, that primarily they had no medusoid form, and, finally,

that cnidae had been progressively developed within aU the

group of Cnidaria. All this was already published by me years

ago. Later we will return to Jagersten's proposal to derive

Metazoa from the Protista.

Why Is There No Medusoid Form
in Anthozoa?

So far scholars have carelessly bypassed the fact that there is

no medusoid generation in Anthozoa. This has simply been

taken for granted, an attitude that is partly understandable on

behaLfof the adherents to the thesis that the Hydrozoa are the

8*
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oldest Cnidaria. It has been quietly accepted that there is no

longer any medusoid form in Anthozoa and that such a form

had existed only in their ancestors. Yet in spite of this, this

"simple" fact should have been thought over. How is it that we
see Hydrozoa appear suddenly with both generations so that

they immediately develop the two "essential" forms; that the

Scyphozoa had been developed out of the Hydrozoa while at

the same time it is supposed that they possess only the medusoid

form so that they have been called Scyphomedusae, and their

scyphistoma considered to be a larval form; and, finally, in

the supposed subsequent evolution into the Anthozoa, the

highest developed Cnidaria, we suddenly see the poljrp form

now as the only form in existence ! One cannot help feeling

that here something must be wrong. How can we explain the

complete absence of the medusa form in Anthozoa, or, at

least, how can we make it probable?

One would expect, if the Anthozoa had secondarily lost

their medusoid generation, that at least some traces of it could

still be found. Yet, as a matter of fact, not the slightest trace of

a medusoid generation can be identified. There have been nu-

merous enough opportunities for its preservation. The Antho-

zoa, too, have larvae (actinulae) that live in the plankton and

that partly show, like those of Echinodermata, an inclination

to bilateral symmetry. They do not show, however, any

trace whatever of a recapitulation of the medusoid formation.

Planktonic Actiniae are known (Minyidae) which even

possess a special apparatus that enables them to float more

easily in water and which, in spite of this, do not show any

common element with a medusa. Thus the name of "Antho-

medusae" has been used for a subtype ofHydromedusae with-

out fear lest it should be understood as a medusoid form of

a subtype of Anthozoa. If there were any gene or complex of

genes (any "trend") among the inherited properties of Antho-

zoa to form medusae this would have been apparent in their

abundant cormi (colonies) as traces of the polymorphism. In

these cormi both budding as well as fission can be observed.



PREVIOUS INTERPRETATIONS OF CNIDARIA 105

yet we always find that pure anthopolyps emerge as a result

of such a development.

We come now to the phenomenon of transfission which

the Cnidaria, and above all the Anthozoa, have inherited, in our

opinion, from their turbellarian ancestors. The conditions in

Gonactinia, a solitary animal that possess no skeleton, are very

simple and resemble to a surprising degree those that can be

observed in several rhabdocoelous Turbellaria. One species

among the Madreporaria that is most prone to form cormi, has

excited a great interest of zoologists. This is Fungia. In it the

alternation of generations connected with transfission has been

introduced, in spite of its well developed and comparatively

heavy calcareous skeleton (Fig. 28 p. 155). It closely resembles

the alternation of generations that can be observed in Hydrozoa

and in Scyphozoa, particularly in Scyphozoa, because of the

unequal transfission (which is close to the axial budding). The

distal half of the maternal animal becomes considerably broa-

dened and flattened; it liberates itself and, though completely

passive, it is caught up by the water current and it settles down
with its flattened side on the sea bottom not far from the

maternal polyp. This anthopolyp, which is in its form only

slightly changed, takes over the sexual function. The maternal

polyp by way of an unequal transfission produces another

sexual polyp, which is again separated from its maternal body.

Though we are reminded strongly by this situation of con-

ditions that prevail in the metagenetic Hydro- and Scypho-zoa,

we find nevertheless that inF////^/^ the sexual generation corre-

sponds to that of an anthopolyp, and there is therefore no

trace, or no trend, (with the exception of its flattening) to a

medusa form. Here we can raise the question: could Fungia

perhaps be a very primitive species of Anthozoa so that it

could be considered to be the beginning of the formation of

medusae which has finally led, in the remotest geological past^

to the metagenetic subtype of Scyphozoa with medusa as their

sexual generation? This is completely improbable, and on the

contrary, Fungia appears to be a specialist among Madreporaria.
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Its solitary state is probably a secondary phenomenon, deve-

loped out of living in cormi, a fact which seems to be suppor-

ted by its budding which exists to a slight degree only and

which no longer leads to the formation of a colony. The

main element of the asexual reproduction, or, rather, multi-

plication, is a transfission with a simultaneous transmission

of the sexual function to the freely living (not freely moving
!)

generation. It is clear that such a situation must be considered

as a special "invention" made by Fungia. Yet it nevertheless

represents an element of the formation of medusae— all this

in the sense of Watson's mosaic theory.

It seems much more probable, even if we do not take into

consideration the basic problem of the origin of the Anthozoa,

that there is no primary medusa form in Anthozoa. Ifwe com-

bine this with the conclusion that in the Anthozoa the inter-

nal bilateral symmetry is a primary property, we come to the

more probable conclusion that the Anthozoa are the most pri-

mitive Cnidaria. In case one would like to stick to the old

"beUef" in the primitiveness of the Hydrozoa, it would be

necessary to take refuge in the comfortable supposition

that the Anthozoa had been separated very early from an in-

different ancestor of the Cnidaria. This auxiliary solution, how-

ever, is improbable and it does not offer a rational expla-

nation.

The Primarily Solitary Polyps Appear

in Anthozoa Only

The next piece of evidence of the primitiveness of the

Anthozoa is the fact that it is in the Anthozoa only that the

primarily solitary species can with certainty be found. So far,

too little significance has been attributed to this fact, or it has

not even been taken into consideration. Everywhere, in all

the three classes of Cnidaria, solitary species have been found

(here the polyp form can only be considered!), and they all

have usually been thought of as primarily solitary species.



PREVIOUS INTERPRETATIONS OF CNIDARIA 107

Hydra was considered as a prototype of all Cnidaria; it usually

appears solitary, and it forms only small ephemeral cormi (co-

lonies), a phenomenon which is usually interpreted as a ten-

dency towards the evolution of colonies. In spite ofthe fact that

it can now be shown to be proved that the solitary character

of Hydra is a secondary phenomenon and that it is far from

being a primitive form, there are even now numerous zoolo-

gists who find it difficult to accept this fact. An interesting

parallel to Hjdra can be found in the species Monohryo^oon

amhtilans Remane (Remane, 1936), which until recently has been

thought to be the only solitary ectoproctan (recently, however,

another such species has been described); yet in this case the

only difference has been that the discoverer of Monobryozoans

had immediately been able to estabHsh that in this species the

solitary state was a secondary phenomenon. This was not diffi-

cult to estabUsh in view of the fact that in this form it shows

that it goes back to corm-forming ancestors. The number of

solitary species of Hydroidea is comparatively high. A closer

comparison with the related species or genera enables us to

discover again and again that this solitary life is a secondary

phenomenon. Not infrequently we can find all kind of transi-

tions, from species with typical cormi (colonies), and those

that, though solitary, still show, clear traces of a former for-

mation of cormi, up to the completely solitary species (e.g.

in the hydroid family Tubulariidae). The last remaining trace

of a former formation of cormi is the formation of podocysts

(Had^i, 1912), i.e. the parts of coenosarcs or of the cellular

mass w^hich are covered by the periderm (i.e. cuticule) and which

otherwise form the impersonal part of a cormus, above all

the hydrorhiza. In our case they take over the role of a resting

stage and serve the purposes of asexual reproduction (Fig. 19).

As early as in the Anthozoa, as well as in all the truly sessile

animal types up to Chordoma, we can observe an inclination

either to an imperfect transfission or to the formation of buds

with a simultaneous preservation of an organic contact be-

tween the secondary zooids and the maternal polyp. Thus we
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can see that in the whole large group of Octactiniaria among
Anthozoa, not a single primarily (in this case not even secon-

darily) solitary species does appear. Those species that have

occasionally been described as solitary (e.g. Haimea, Monoxeniay

etc.) were primary zooids (or oozooids) only before they

began to develop further into colonies. This situation in Oct-

Fig. 19. Podocysts or resting bodies as remains of rhizome. A,
scyphopolyp of Chrysaora hyoscela (after Hadzi). B, hydroidpolyp
of Ostroumovia harii (after Uchida and Nagao). C, Hypolytus sp.

(after Miles).

actiniaria, naturally in connection with other properties and

characteristics, proves that Octactiniaria do not correspond to

the primitive subtype of Anthozoa as this has frequently been

believed. The Actiniaria can with all certainty only be consi-

dered as primarily solitary animals (with, as it seems, one

species only which forms colonies), as can also, in addition

to these, the Ceriantharia with their partly rounded off and

partly flattened aboral end.

In the Scyphozoa the abolition of the colonies of polyps has

gone furthest. In these the species with cormi, which have

a completely irregular growth, are a real rarity now (the so-

called Stephanoscyphus, the polyp generation of Nausithoe) ; there
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are, however, numerous species where the polyps have al-

ready become solitary individuals, yet with a periderm which

they have still preserved as their external skeleton; the peri-

derm must be interpreted as a remnant from the former for-

mation of colonies; in numerous other species the scypho-

polyps are completely "naked," i.e. they have no periderm, yet

in spite of this they still continue to reproduce by way of

budding or by means of the formation of stolons. In not one

single case in the Scyphozoa has polymorphism been deve-

loped.

Polymorphism Has Reached Its Climax in Hydrozoa

Polymorphism (dimorphism when it is least developed) in the

cormi of polyps is another piece of evidence which supports

our thesis. It is a sign that a higher stage in evolution has

been reached when this polymorphism appears in combination

with the individuaUzation of the cormus (colony). In the

Anthozoa the dimorphism ofpolyps has been developed among
the Octactiniaria only, a fact which can again be considered

as a proof of their higher condition in comparison with

Hexactiniaria. Siphonozooids, whose number has been rather

reduced, appear either in species that form irregular cormi, e.g.

in the red coral (Corallium ruhrum L.), or in species with regu-

larly, and thus individually, formed cormi e.g. Pennatulacea.

No cases of polymorphism have been known in the Scypho-

zoa and this can be easily understood since they form, with

a few exceptions, no cormi.

The highest level in differentiation, and thus of specializa-

tion, has been reached in the Hydrozoa, a clear indication

that in them the Cnidaria have reached a climax in their

evolution. In these polymorphism can even be found in

the medusoid form, i.e. in the mixed polypo-medusoid cormi of

Siphonophora that Hve in plankton, with a simultaneous in-

dividualization of cormi. Nothing similar can be observed in
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Scyphozoa. In Hydroidea the polymorphous cormi usually ap-

pear with one medusoid form only and they are mostly irregu-

larly built ; the only regular form is that of a plume (Pennaria)

among Athecata and in the numerous species of Plumulariidae

among the Thecata (Fig. 20.).

There are many other properties and characteristics of Cni-

daria which can be understood only if we interpret their phy-

B

Fig. 20. Polymorphic hydroidpolyps organized as a subcormus
or cormidium, composed of a gastropolyp and a few heterozooids
(machozooids). A, Aglaophem'a sp. (after Kiihn). B, Halicornaria

cornnta Allman (after Allman).

logeny as having followed the direction Anthozoa—Scypho-

zoa—Hydrozoa. In our analysis of these properties we must

be constantly aware of the fact that two parallel processes are

taking place in connection with the unique speciahzation which

the sessile way of life entails. One process is that of regression,

the retrograde development which has also been unsuitably

called, as has already been mentioned, degeneration (cf.

Laubenfels [1955], and the reply by M. Zalokar [1955])..During

such a process all characteristics and peculiarities which

serve the purpose of a free movement are gradually lost.
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The change in symmetry of the form from a bilateral to a radial

symmetry, and simultaneously to the general polyp form of the

entire body, is connected with this. On the other hand, we
can find progressive morphogenetic processes in individual

organs. Here we have first to mention the progressive deve-

lopment of the cnidae together with the tentacles; the strong

extensibility connected w4th an increased contractibiUty (a spe-

cial development of the cutaneous muscle tube), connected

with the ability to move in all directions (nutations). We must

certainly attribute the evolution of secondary freely swimming

medusae, and, finally, the liberation of whole cormi (Siphono-

phora) and the formation of a special impersonal floating appa-

ratus, the pneumatophore (cf. Had^i, 1954), to such progressive

properties.

Both regressive as well as progressive developments have

reached their climax in the Hydrozoa which can be easily un-

derstood if viewed from our standpoint. So far it has been the

regressive element in particular which has been taken into

consideration, and it has been wrongly interpreted as a sign

of a primary simplicity. This has been especially done

because of the epithelization of the three body layers which

is a characteristic of all the sedentary groups of Metazoa;

the intermediate body layer can be strongly reduced by way of

such an epithelization so that locally it can almost completely

disappear. It was in this way that T. H. Huxley concluded

(1875) with regard to medusae, and Allman with regard to

Hydroidea, that these animals consisted of two body layers

only, an ectoderm and an entoderm. This circumstance, to-

gether with events that take place during their ontogenies,

was used by Haeckel when he formulated his gastraea theory.

As a matter of fact, however, there is not a single species in

Cnidaria which would really consist of two "skins" or epi-

thelia only. If we disregard sex cells which cannot be properly

attributed to any body layer even in those cases where they

adhere closely either to the ectoderm or to the entoderm,

there have always been found other cells between these two
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epithelia which have been given various names and which have
been variously interpreted (indifferent, interstitial, mesenchy-

mal, mesogloeal cells). These are frequently hidden between
the somewhat dehiscent basal ends either of the one or of the

other, or, finally, of the two epithelium layers. Neither during

their ontogenies, nor in their fully developed state do these

cells represent a compact layer or an epithelial organisation,,

and so the name mesoderm which is frequently used in this

connection is wrong. I have therefore proposed a new name
instead of the former: mesohyl.

The Regressive Development of the Intermediate Layer
in Cnidaria

I must emphasize, w^hen we first make a brief study of the

mesohyl, that it is most developed in the Anthozoa where it

often contains even muscle cells. This layer can be

found well developed in the tentacles of anthopolyps. In the

Scyphozoa and in the Hydrozoa it has almost completely dis-

appeared and it is only occasionally revived by the actively

moving cnidocytes (Had^i 1907, 1911 b, c). In the Cnidaria

among others a jelly-like hyaline substance which plays an

important role is secreted into this middle layer (Fig. 21).

This so-called mesogloeal layer has usually been wrongly in-

terpreted as a limit between the entodermal and ectodermal

epithelia. Whatever occurs on one side of this layer has been

attributed to the entoderm, and whatever appears on the other

side has been attributed to the ectoderm, and in this no ex-

ception has been made even in connection with gonocytes.

Attempts have even been made (Hert\^dg) to use this as a basis

for a systematic division of Cnidaria into Ectocarpa and Endo-

carpa. We really get the impression that Nature herself had

tried to make it easier for zoologists to differentiate between

the ts^^o body layers which alone have been supposed to exist

(Diblastica, according to Ray Lankester).
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The layer of the jelly-like substance partly takes over the

irole of an extensible internal skeleton as early as in Anthozoa,

and even more so in the Scyphozoa and in the Hydrozoa, con-

cordantly with its new position: the appendices of the muscular

tissue of the two epitheUa, which find support in this skeleton,

Fig. 21. Half schematic longitudinal section of the body wall of

Hydra; left, the skin, right, the gut; lentre, the mesohyl (after Hadzi).

passively share the stretching and the shrinking which takes

place during the thickening and the flattening of the body.

This is true for the actively moving parts of polyps. In medusae

this layer of a jelly-like substance can occasionally be of con-

siderable size; here it represents a firm elastic substance which

takes over the role of an antagonist to the rhythmically contract-

ing subumbrellar muscles. In the Anthozoa and in the Scypho-

zoa this layer of a jelly-like substance contains individual,

usually amoeboid, mesohyl cells, while in the Hydromedusae
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no such cells can any longer be found. Thus we see that this

intermediate layer represents a property which has been deve-

loped in Cnidaria partly progressively and partly regressively.

In this connection it is interesting to observe that these me-
sohyl cells—whether they are cnidocytes, or genital cells, or

J-cells—do not heed the imaginary limit betv^een the two epi-

thelia. We can observe how these cells freely pass this "limit"

in their amoeboid movements (Hadzi, 1907, 1911). I have

been able to show this both during the formation of buds

in Hydra (Had^i, 1909 a, b) and in other Hydrozoa (the medusa

buds at the manubrium of Hydromedusae, Hadzi, 1912 d),

as well as during the widely practiced migrations of cnidocytes

(Hadzi, 1907 a), and of the primitive sex cells, as had been

formerly shown by Weisman (1883).

The Morphological Proof of the New Interpretation

of the Phylogeny of Cnidaria

Muscular Tissue

Let us study now the muscles of Cnidaria. We must attribute

these to the middle layer even in those cases where the con-

tractile fibres do not form an independent middle layer, so that

it appears only as an appendix either of the ectodermal or of

the entodermal epithelia. Such a situation is generally consi-

dered as a very primitive one. We wish to show here that the

same is true for the muscles as has been said for the whole

middle layes, i.e. their development has been progressive or

regressive, concordant with the changes of the type of move-

ment. The consequence of the sessile way of life has been a

simplification of the cutaneous muscle tube, and, parallel to

this, a specialization of the body muscles in the movements

on a given spot. A new specialization has taken place during

the secondary transition to the free movement, which applies

especially to the medusoid form, yet this specialization again
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follows Dollo's rule and it does not represent a return to those

conditions that had been observed in the movements of their

creeping ancestors.

We will maintain, even if this may appear surprising, that

it is right to attribute the muscular tissue of Cnidaria to the

middle layer even in those cases where it appears as a basal

appendix of the epithelium cells of the ecto- or entoderm and

where it does not possess its own nuclei, i.e. where it does

not consist of independent cells. In numerous anthopolyps we
can observe how this muscular tissue subsequently develops

locally into independent cells with their own nuclei. Chester

(1912:755) observed in the species Vseudoplexaura crassa how the

epithelial cells (they were classified as entodermal cells) that

occur in mesenteries and that had each previously produced

a single differentiated muscle fibre, leave the epithelial group

and sink into the subepithelium, i.e. into the intermediate

layer, and in this way develop into the pure muscular cells.

We can obtain a good understanding of the muscular con-

ditions in Cnidaria only if we derive them from conditions

that can be observed in TurbeUaria, and if we pass from

the situation that can be observed in Anthozoa to those that

occur in the Scyphozoa and in the Hydrozoa. A very mislead-

ing idea of the primitive nature of the so-called neuro-muscu-

lar-epithelial cells has been proposed by Nikolaus Kleinenberg.

According to this interpretation such a cell has differentiated

in three directions, into the pure epithelium cells on the surface,

and into the muscle and nerve cells in the interior of the body.

With regard to the nerve ceUs it soon became necessary to

relinquish this concept after the nerve cells had been discover-

ed in Hydra. Yet in spite of this, the idea of the primitive

character of the muscle epithelium cells has been preserved

down to the present day. H. Wolf (1903) developed this

hypothesis for the nerve cells and supported it with beautiful,

even if completely imaginary, pictures to show that they ori-

ginate, like the muscle ceUs, in the immersed epithelium cells.

It has seemed that this interpretation was supported by the
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fact that during the ontogeny, the Anlage of the nerve system

emerges in close connection with the Anlage of the ectoderm,

a fact which can especially be observed in the higher developed

animals.

The destiny of the muscular system of Cnidaria has been

completely determined by the transition to the sessile way of life

and that in two directions. Due to the formation of colonies

(cormogony) which they had early begun to develop, the polyps

as dependent "persons" or subindividuals have grown smaller

and smaller (a progressive diminution). It is because of this fact

that the smallest subindividuals can be found, as this can be

expected, in the Hydrozoa. It is evident that the regressive

development of the whole muscular system has been condi-

tioned by this fact. On the other hand, and because of the

emerging restriction and the change of the role of the muscular

system, a cutaneous muscle tube has been formed which is

t3rpical of Cnidaria ; a layer of longitudinal muscular fibres under

the skin, and another layer of circularly placed muscular fibres

under the intestinal epithelium. We have here actually two

types of movement only: retraction which is followed by ex-

tension, and nutation (curving), due to the contraction of

individual sectors of the layer of longitudinal fibres. In species

whose solitary life is a secondary phenomenon, e.g. in Hydra,

this has led to a new type of movement, such as can be ob-

served in the loop-worm or in Hirudinea.

The anthopolyps have inherited a richly developed muscular

system from their turbellarian ancestors. Besides a strongly

developed cutaneous muscle tube which consists of three

body layers there are also "internal" ("gastrodermal") muscular

fibres that show a particularly strong development in the sarco-

septa and as the sphincter of the oral area, and finally the dor-

soventral and the obliquely placed lateral muscle fibres. In the

primitive, solitary anthopolyps which stand erect and gUde

slowly over the sea bottom, it was the middle layer with its

diagonally placed muscular fibres which was first lost because

it had become superfluous. Thus two external layers only have
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been preserved here; these have lost their independent cha-

racter, yet they have become specifically differentiated, and

they have been wholly preserved in the active parts of polyps.

These layers, have disappeared in the impersonal colonial

parts (solenia, caulus, rhiza). It is only among the pelagic

individualized cormi of the Siphonophora with their well

developed hydrocauli (hydrosomes) that the layer with

muscles can be found well developed even in the impersonal

parts, a fact which can be easily understood.

Several remains of an internal muscle system have been

preserved in the anthopolyps of the solitary Actiniaria. These

are the basally situated transversal muscles which are active

when the animal creeps for\vard; a whole system of the so-

called septal muscles that occur in sarcosepta and whose fibres

are placed longitudinally because they function as retractors;

and, finally, the circular muscles that can be found close to

the oral disc and which function as an oral sphincter. Here, it

becomes clear how little it corresponds to the facts, if we speak

about entodermal or ectodermal muscles for the sole reason

that sometimes these muscular fibres appear to be more

closely connected with the skin epithelium, another time with

the intestinal epitheUum, and as the third possibility they be-

come independent because they had been separated from these

epithelia. Scholars of the old school have frequently run into

difficulties when they have tried to decide to which of the two

body layers (either ectoderm or entoderm) they should have

attributed a certain group of muscular fibres. Yet, as a matter

of fact, all these muscular fibres belong to the middle layer

only, regardless whether we call this third middle layer a me-

sogloea, mesoderm, mesoblast, mesenchyme, or, as I have

called it, a mesohyl; it is always one and the same part of

the body.

In the Scyphozoa, the polyps have inherited as their inner

muscles from their anthozoan ancestors the poorly preserved

taeniolan bundles of muscles. There are, with few exceptions

( Naiisitho'e-Stephanoscjphm) , four such retractors which used

9
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to be called ectodermal, even when the taeniolae of Scypho-

polyps (the retrograded sarcosepta) were found to be built of

an entodermal epithelium, together with some "mesenchyme".

Ontogenetically, however, these retractors are formed from the

basis of cutaneous infundibula which lie in the oral disc and

which are therefore of the "ectodermal origin". These septal

retractors have lost their function during the formation of

medusae and they have therefore disappeared. On the other

hand, we frequently find in Scyphomedusae the layer of longi-

tudinally placed muscular fibres to be progressively developed

and speciaUzed, in agreement with their swimming type of

movement. As this was the case in anthopolyps we also find

here the function of the layer of muscular fibres considerably

increased, which has led to fold formation in this layer.

It is not rare for "mountains" of folds to iDecome separated,

obviously secondarily, from the skin epithelium and it is in

this way that they develop into the mesogloeal muscles. The

outer layer of muscular fibres shows a particularly strong de-

velopment under the oral disc of Scyphopolyps. Here it has

been given a special function: it helps to open the oral orifice

in order to make it possible for the predator to swallow its

prey, and for this reason the arrangement of these fibres is

radially symmetric. I pointed out, some time ago (Hadzi, 1907)

that these muscular fibres can be found cross -striated as early

as in Scyphopolyps, a fact which has been little noticed, but which

I have found, however, to be of considerable importance in

view of the fact that the subumbrellar muscles, which are so

important for the swimming abiUty of these animals, had been

evolved in both medusoid forms (Scypho- and Hydro-medusae)

out of this layer of muscular fibres. In those Scyphomedusae

which have reached a larger size these muscles have become

progressively widely differentiated (radial, coronal, delta

muscles).

In Hydropolyps that have become very small (there are a few

species only that have become secondarily solitary and whose

size is therefore slightly larger) the subcutaneous layer of
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longitudinal fibres has been sufficient for the quick and com-

plete retraction of the hydranths; and this was the reason why,

besides the taeniolae, the inner retractors of Scyphopolyps have

also been lost. The same situation has also been preserved in

their medusae even in those cases when these have grown
larger (Q.g.Aequorea). Contrary to this situation in Scyphome-

dusae, we can find that the exumbrella of Hydromedusae does

not show any layer of muscular fibres w^hile at the same time

these are strongly developed in the subumbrella where they

even begin to form folds (e.g. in Gomonemus); in this they are

helped by the velum, a speciality of Hydromedusae, as well

as by the firm stratum of a jelly-like substance that can be

found in the umbrella.

According to our interpretation, a thin longitudinal stra-

tum is the only thing that has been preserved in Cnidaria,

that have adopted the sessileway of life, of the cutaneous muscle

tube which had consisted of three layers in their turbellarian

ancestors. The inner transversal layer of fibres which is attached

to the entodermal epithelium obviously goes back to the mus-

cularis of the intestinal tract of Turbellaria, regardless whether

in Turbellaria this stratum of muscular fibres (Bresslau, 1933,

K.C. Schneider, 1902) have a transverse or a longitudinal and

transverse position, or whether these be independent muscle

cells, or only appendices of the entodermal epitheUum cells.

We have here, moreover, a change of the function inasmuch as

in Turbellaria the muscularis exclusively serves the intestinal

peristalsis, and in Cnidaria where it works as a part of the ge-

neral system of the body muscles, in coordination with the

external longitudinally placed layer of fibres. In contractions of

the animal body—which are very important for animals that

have adopted a sessile way of life because they are enabled by

such contractions to liberate themselves quickly from con-

tact with a foe or from an unfavourable effect of an environ-

ment—the main function lies in the longitudinally placed

muscle fibres. During the stretching or extension which

follows a contraction when the animal searches for food,.



120 THE EVOLUTION OF THE META20A

the main function is taken by the transversally placed

layer of muscular fibres which adjoins the entodermal epi-

thelium.

The muscular conditions that can be observed in Cnidaria

—not less than those that can be observed in Turbellaria— show

clearly that so far it has been much exaggerated when attempts

have been made to establish a sharp division between the skin

and the intestine on one hand which both show a strong in-

clination to the epithelization, and the mesohyl on the other

as the layer which is situated between them. We are justified

in maintaining, on the basis of known facts, that in Cnidaria

and in Turbellaria the cytoplasma has the ability to develop

special strongly contractile fibres (the muscle fibres), regardless

of w^hether it has become differentiated as skin cells (ecto-

derm), intestinal cells (entoderm), or mesenchyme cells (me-

soderm or mesohyl), as w-ell as the ability to grow^ undulipodia

(cilia or flagella) on its free surfaces (either external, or in-

ternal, or intermediate). This process is reversible, i.e. the abi-

lity can be lost again, and under special conditions it can again

become active.

The mesenchymal muscle system w^hich plays a major role

in Turbellaria has been lost in Cnidaria, and the "mesenchyme"

itself has become strongly reduced. These muscles, how-

ever, have been preserved in Ctenophora, w^hile in Cnidaria

w^hich have adopted the sessile way of life they have become

more closely connected with the tw^o body epithelia and it has

been only secondarily that they have occasionally again liberat-

ed themselves from the epithelium cells and sunk under the

epithelium.

It should be mentioned here that in some primitive Turbel-

laria (e.g. in the aloeocoelous species Prorhynchus baswel/i accord-

ing to Steinbock and Reisinger; Bresslau, 1933) the con-

tractile muscle fibres have been developed in the skin stratum

itself, i.e. in the cytoplasm of the skin epithelium, and thus

intraepithelially. This development has been so rich that here

they form even four strata, i.e. in the distal zone (in the "cover
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Stratum") one longitudinally and one transversally placed stra-

tum, and similarly in the basal zone.

The hydrosome of some Siphonophora (Apolemia uvaria^

according to K. C. Schneider, and Halistemma tergestimim^ accord-

ing to Claus) can be mentioned as an example of newly formed

muscle fibres. This so-called hydrosome of Siphonophora is

nothing else but the hydrocaulus of the Hydroidea which has de-

veloped no muscle fibres because the slight general contractility

of the cytoplasm has been clearly sufficient, and because of the

periderm which as an external skeleton covers the "coenosarc."

Yet a strong contractility of the "stem," as the bearer of the

whole colony, has been useful for the planktonic Siphonophora

and we can therefore observe here not only muscle fibres that

have been developed as appendices to the skin layer, but also

that the epithelium muscle cells which had been developed in

this way have sunk into the "mesogloea." It is natural that

K.C. Schneider speaks here of "... in die Tiefe gesunkenen

Deckmuskelzellen" which must be interpreted "also als eine

Vorstufe echter Muskelzellen" (K.C. Schneider, 1902:607).

According to our interpretation we have here, not muscle cells

in the process of development, but rather parts of the so-called

Deckmuskelzellen which have been secondarily developed into

the former.

The subepithelial cells are frequently mentioned in the histo-

logy of Cnidaria. They lie close-wedged between the basal

epithelium cells and they are usually attributed to the skin

layer or to the ectoderm. This, however, is wrong. Every-

thing that lies under the skin epithelium, whether migrated

to this place from the epithelium through immersion, or that

originated here, belongs to the middle layer ("mesoderm"),

and it must be attributed to it even if there is no sharply de-

lineated and clear limit in between. Cnidocytes can serve here

as an example; they are recruited from indifferent "mesen-

chymal cells," and, after their further development, they are

ranged into the skin epithelium either "on the spot" or after

a shorter or longer wandering; they must therefore be
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attributed to the skin layer in their fully developed state only.

Recently the theory of an active wandering of cnidocytes has

been doubted by some authors (Brien and Reniers-Decoin,

1950). To this it can be answered that it is easy to observe

this wandering, which is frequently very complicated, in a

living object (cf. the most recent work by Lenhoff, 1959).

In conclusion, we can state that conditions that can be ob-

served in the muscular system of Cnidaria show (in comparison

with conditions that can be observed in the freely living Tur-

bellaria) a generally retrograde development in polyps as the

primary form of Cnidaria, a fact due to their sessile way of

life. Yet at the same time they have been reorganized and

specialized, concordantly with their mode of life. These changes

which are partly progressive and partly regressive can be clear-

ly identified as early as in Anthozoa. Here the development

followed the direction, solitary Hexactiniaria-colonial Hexacti-

niaria-colonial Octactiniaria. It is therefore wrong to put the

Octactiniaria (as has been done for example by Hyman) as a

supposedly more primitive form into the first place of the

system of Anthozoa. The Octactiniaria with their sarcosepta

(whose number is constantly eight) follow the rule ; first poly-

merization with an unfixed number of multiplied "parts," fol-

lowed by an oligomerization with a reduced and fixed number

of "parts." In the extremely specialized Antipatharia, among
Hexactiniaria, whose anthopolyps have a strongly decreased

size and which are, moreover, very short, the septal muscles

have been mainly lost, while at the same time other strata of

the muscular tissue also show a very poor development; the

skin, however, has again become covered with cilia. Thus the

changes in the muscle system have gone much further in the

colonial Hexacorallia than in the typical Octactiniaria.

The muscular conditions that can be observed in medusa

of Scyphoza and Hydrozoa which are even more specialized

can be deduced from those of polyps, and not conversely as

this has been done by numerous zoologists, Hyman among
them. Neither the septal muscles nor sphincters can be found
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in the two main forms of medusae (Scypho- and Hydromedu-
sae), and so there is no trace left of the primary internal

muscles. On the other hand, we can observe a strengthening;

of the longitudinal muscular tissue which lies under the skin

epithelium. This strengthening is appropriate to the function

these muscles have in certain areas, especially close to the

marginal tentacles, so that these muscles frequently show a

higher level of specialization and they become transversally

striped (e.g. according to Krasinska, in the subumbrella of

the trachyline hydromedusa Carmarina hastata) ^ot they can even

appear as independent myoblasts (e.g. according to Krasinska,

in the subumbrella of the hydromedusa Neoturris).

The opponents to the view that considers the polyp form

as primary in comparison to the medusoid form and which

sees in Anthopolyps the oldest form Cnidaria, should com-

pare the muscular conditions that can be found in Cnidaria

with those that can be found in other sessile animal

types; thus to compare those in Turbellaria with those in

Endoprocta (Camptozoa), those in Annelida with those in

Phoronidea and further with those in Ectoprocta, and finally

those in Branchiostoma with those in Tunicata. It is wrong to

require or to expect a progressive development in the general

muscle system of an animal body which adheres to the sessile

way of life, a supposition which one has to accept if one tries

to derive the Scypho- and Anthozoa from the Hydrozoa.

The unique case of Stauromedusae, or better, say, Lucer-

nariidae is very interesting in this connection. These are not

simply medusae as they have frequently been depicted, but

real polypomedusae instead (Fig. 22). These Scyphozoa are

secondary solitary animals and they usually have readopted

the ability to move slowly over the sea bottom. At the same

time they have also abandoned the alternation of generations

;

their medusoid generation which was formed by way of trans-

verse division or strobilation is not severed any longer but

instead it remains with the polyp with which it forms a double

animal, a genuine polypomedusa, or a combination of a basal
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Fig. 22. Scyphozoa, Lucernariidae. K,'Lticernaria sp. (from Hyman).

B, Halidystus auricula (after H.J. Clark).

scyphopolyp and of a distal scyphomedusa. The same combi-

nation can also be found in its muscle system ; in one and the

same individual we can find the peculiarities of a polyp as well

as those of a medusa, i.e. on one hand, the taeniolan or septal

muscles, and the coronal muscles in the form of bands, as

well as the radially oriented muscular tissue of the oral disc

(manubrium).

The Nervous System

Cnidaria have played a special role in the history of the

development of neurology. Nobody has succeeded so far in

finding either individual nerve cells or, even less so, a real

nerve system in Spongiae; this is the true situation in spite of

the contrary assertions made by Tuzet and by her collaborators.

On the other hand it has been possible to identify in Cnidaria,

and especially in Hydra which has been intensively studied, not
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only individual nerve cells but also whole coherent nerve

systems and sensory cells. These results have been arrived at

first by means of usual methods (serial sections, and the staining

of sections with the iron haematoxyhn) which have been used

by O. and R. Hertwig (1878), K. C. Schneider (1890), M. Miya-

shima (1898) and finally by means of the specific intra vitam

colouring with the methylene blue (Hadzi, 1908). This has

disproved Kleinenberg's theory of nerve-muscle-epithelium

cells which has been mentioned above, in spite of the attempts

made by Eimer to support it. They, and numerous other schol-

ars after them (among these I mention especially P. Groselj

[1909] who has suceeded in intra vita?n staining the elements and

mutual relationships of the nerve systems of anthopolyps) have

established the generally valid fact that there can be no doubt

that Cnidaria possess a nervous system, though in the form of a

nerve net which can be locally denser and which can even lead,,

though in medusae only, to the formation of nerve chains and

to the local accumulation of ganglion cells into small ganglia.

Yet, on the other hand no typical nervous system with one

centre, the brain ganglion, and with regular nerve trunks can

be found anywhere in Cnidaria.

It has been easy to conclude—and such a conclusion has

really been made and it is still generally accepted— that in

Cnidaria w^e can find the primary primitive conditions of the

nervous system which has been further developed by way
of a progressive evolution into the typical nervous system on a

higher level of evolution. G. Wolf (1903), as has already been

mentioned, has even tried to construct the origin of the

nervous system in the following way: nerve cells have been

developed, according to this interpretation, from the epi-

thelially placed sensory cells by way of the latter sinking into

the subepithelium; in this way it has been believed that

the theory of synapses, or of a secondary conjugation of pri-

marily individual nerve cells, has been confirmed.

It cannot be doubted that the nervous system found in the

polyps of Cnidaria (we will first discuss the primary form and



126 THE EVOLUTION OF THE METAZOA

the basic generation ofCnidaria, i.e. the polypoids as a morpho-
logical and a physiological whole) really represent the simplest

organization that can be found in the entire animal world. The
only problem is whether this simplicity be primary, or a result

of a retrogressive development from an earlier higher level

of organization. In an analysis like ours we must take into

consideration the function of the nervous system as that of an

intermediary between the sensory cells or sensory organs as

receptors, and the muscles as effectors. I have already shown
with regard to the muscle system, that it had gone through

a generally retrogressive development, with the exception of

that specialization which is appropriate to the sessile way
of life. To my knowledge not a single complex sensory organ

has been found so far anywhere among the polyps of Cnidaria,

nor has there been published a description of such an organ.

There have always been only individual sensory cells ob served

in all the exposed parts of the skin stratum or even in the gut

epithelium. It is therefore not surprising if the absence of a

distinct nerve centre had been formerly attributed by the

brothers Hertwig (1878:185) to the absence of sensory organs.

They were right, with the exception that they should have

added that this absence of sensory organs has been a result of

the sessile way of life, similarly as has been the case with the

simplification of the muscular system.

In my opinion there are two facts which have not been

satisfactorily taken into consideration in the interpretation of

the nervous system that can be observed in the polyps of

-Cnidaria. That idea occurred to me when I succeeded in selectiv-

ely intra vitatn staining the nervous system together with

the sensory cells that occur in green Hydra. This system appears

to be cytologically-histologically strongly differentiated, in

spite of its actually quite simple general structure. On the basis

of this fact alone one could conclude that the general simplicity

of this nervous system cannot be a primary phenomenon.

The second fact that should be mentioned in this connec-

tion is that the "nerve net" of the polyps of Cnidaria is not
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developed in one layer, or in the ectoderm, only, as we are

now used to saying (thus subepithelially or under the skin),

but it also occurs deeper, in the intermediate layer (C.A. Pantin,

1952). Furthermore, the nerve processes do not respect in

this connection the limit between the two layers (the support-

ing lamellae or interstitial lamellae). This fact, taken separately,

does not seem to be very surprising, yet it becomes clear if

we make a comparison of the nervous system of Cnidaria with

the one that can be found in Turbellaria.

Yet before we begin to deal with this problem, let us first

make a cursory survey of the nervous systems that exist in othei

animal types that have also adopted the sedentary way of life.

It can be observed in such sedentary animal types that have

evolved from freely living ancestors that already possessed a

wxU developed central nervous system, that the main centre, the

brain ganghon, has been preserved with obstinate tenacity,

long after their transition to the sessile way of life, and it can

still be found when other parts, especially the ventral nerve

cord, had disappeared, and when the peripheral nervous system

only has been kept. A centre has been preserved even in those

cases where sensory organs have not been developed in great

abundance. As a rule we find the supraoesophageal ganglion

preserved. This centre has disappeared, as it seems, in Endo-

procta only and this w- as probably due to the part of the body

which was used by these animals when they began to attach

themselves to the bottom. On the other hand, we find the

suboesophageal ganglion preserved and it functions as a brain

ganglion. In addition to these, the brain ganglion with its

ventral extension (the nerve cord) has been lost in Echino-

dermata when they definitely adopted the sedentary way of

life ; in these a peripheral nerve net only has been preserved.

We can observe, as a fine analogy to the medusae of Cnidaria,

that no younger types of Echinodermata have developed a

nerve centre similar to a brain ganglion, not even in those

cases where they have evolved secondary ambulatory abilities.

We can find in the freely moving Echinodermata, as well as in
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medusae, a secondary thickening or condensation of nerve

elements (nerve cells and fibres, neurites) into a nerve ring

which cannot therefore be homologous to the nerve ring

together with the upper gullet and lower gullet ganglia of

Polymera, because they do not possess real ganglia. The am-
bulacral nerve trunks spread radially out of the nerve ring.

When zoologists abandon the accepted idea of a supposedly

primary nerve net in Hydra they will have to search for the so-

lution of the problem of the origin of the nervous system

somewhere else. In my opinion we must consider the Tur-

bellaria. This suggestion stands in opposition to what has been

taught by many comparative morphologists (cf. Hanstrom,

1928). The simplest conditions of the nervous system can be

found in Acoela and in the small Turbellaria that are related

to the former. There is no real foundation for the supposition

which has been frequently proposed that the Turbellaria are

secondarily simpUfied animals, an interpretation which seems

to be supported by the fact that their size has decreased. The
Turbellaria are freely moving, and they search actively both

for food as well as (even though hermaphroditic animals) for

their partners. Their primitive nervous system is situated close

under the skin and it forms a primitive nerve net without any

real nerve centres, without ganglia or nerve trunks. Without

being afraid that the future will prove me wrong (so far no

factual data about this have been available) we can expect that

this nerve net does not develop during the ontogeny by way
of an invagination of the skin epithelium cells (ectocytium),

but rather "on the spot," out of the "mesenchyme" cells. We
will return to this when we discuss the problem of the origin

of Eumetazoa.

During the second stage of the development of Turbel-

laria a condensation of nerve cells and of nerve fibres into

longitudinal bundles that are mutually connected by way of

transverse commissures (the orthogon, according to Reisin-

ger) can be observed. At the same time a second plexus is

being developed more deeply in the interior of the animal
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body. During the third stage a brain is formed in the anterior

part of the body, at the place where the longitudinal bundles

develop a mutual contact; this development is aided by sensory

organs that had evolved in the front part of the arimal.

Here we are not interested in the subsequent development of

the nervous system during which the polymerization (the in-

crease of the number of the longitudinal nerve trunks) is

followed by an oligomerization (two pairs of longitudinal

trunks, a ventral pair, the merging of this pair with the nerve

cord).

Fortunately enough there exist even now species of Turbel-

laria that have preserved the primitive conditions of their

nervous system. O. Steinbock has given a description of the

species Nematoderma hathycola, which has been found in the

deep regions of the polar sea, close to Greenland; Steinbock

says about this species, "Ein Gehirn in gewohnlichem Sinne,

wie wir es bei Turbellarien gewohnt sind anzutreffen, besitzt

unser Tier nicht" (Steinbock, 1931). On the other hand there

is in Nematoderma a denser and, as it seems, less regularly

formed nerve plexus which is situated close under the skin

and which shows indications of some thickenings or of conden-

sation in the longitudinal direction. Hanstrom is inclined

to attribute the main role in the formation of the brain to the

emergence of sensory organs. We are convinced, however,

that the influence of the function of the muscle system during

the active forward movement, with the anterior end orientated

forwards, has been at least as important. It is even possible

that the static organ, the light receptors, and even more

probably the special chemoreceptors have been developed only

after the Anlage of the brain had been founded.

If we stick obstinately to the thesis of the evolution of

Cnidaria in the direction Hydrozoa-Scyphozoa-Anthozoa and

to the belief that Cnidaria have nothing in common with

Turbellaria, we are forced to suppose that the nervous system

of Eumetazoa has developed at least twice, thus diphyletically,

and so to speak, out of nothing. The opinion cannot be taken
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seriously (though it is still occasionally met) which considers

the Turbellaria together with all Acoelomata and "Pseudo-

coelomata" (we call them Ameria) to be a result of a retrogres-

sive development ("degeneration"), and according to which

the simple nervous system of small species of Turbellaria must

be a secondary element. The specialists in Turbellaria all

disagree with such an interpretation. This interpretation has

been accepted only by those zoologists who would like to

derive, on the basis of the enterocoele theory, the perigastro-

coele from the intestinal cavities of anthopolyps, a plan which

cannot be condemned sharply enough.

In view of the fact that in the Anthozoa the polyps certainly

have a more highly developed nervous system than the one

that can be found, in Hydra, we would be obliged, if we ad-

hered to the old interpretation of the development of Cnidaria,

to accept the proposition that they had progressively developed

their nervous system in spite of their unchanged sedentary

way of life. This contradicts all that is known about "the

influence of the sessile way of life." In a certain sense there

has really been a progressive development, as in the case of

the muscle system, yet only inasmuch it has led to a speciali-

zation which stands in a causal relationship to the sedentary

way of life. With regard to the whole structure, however, we
can observe in the nervous system of Cnidaria indications of

a progressive retrogression. It is only in the case of the pri-

marily soHtary and, even if slightly, moving Actiniae that a

clear condensation of nerve elements can be identified at their

aboral ends (the foot plate) (P. Groselj, and recently Pantin

and his school). A reduction of the nervous system can be

observed as early as in Anthozoa that have become colonial

animals. This reduction goes parallel to the reduction of the

muscle system and we can see, as the final result, the nerve

net limited to the oral region only.

In Scyphopolyps and in Hydropolyps the condensation of

the nervous system disappears completely. In connection with

the secondarily soUtary Hydra which has again become an
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actively moving animal I have been able to show that

the nervous system has again become locally dense, especially

in the aboral foot plate, with a clear direction (radial or circular)

of nerve fibres (Hadzi, 1908).

A distinctly progressive tendency can be observed in the

stem (siphonosome) of Siphonophora, among Hydrozoa. They

have developed, as polypersonal cormi, the ability to move

freely. This development of nervous system is parallel to the

development of muscles in this strongly contractile stem of

cormus (according to K. C. Schneider, 1896-1898).

Now let us pass over to the medusoid form. Since we derive

the Cnidaria fiomthe Turbellaria we must consequently consi-

der the medusoid form as secondary and as evolved from the

polypoid form. The same, however, has also been considered

as the correct interpretation by numerous experts in Cnidaria

who have believed at the same time that the Hydrozoa were

the most primitive Cnidaria because there were such numerous

and convincing proofs which seem to support such an inter-

pretation. The development of the medusoid form, which has

twice taken place (Scypho- and Hydro -medusae), is above all

a secondary liberation, or a readoption of mobility with a

simultaneous transition of the sexual function from one form

to the other. This is the quintessence of the metagenesis, of the

alternation of generations. It is senseless to deny the existence

of an alternation of generations in Cnidaria, as has been

recently attempted by Hyman: this is a consequence of an

inco:rect interpretation of the polyp form and of the polyp

generation as if these were a larval stage which had not been

developed into an adult form earlier than in Anthozoa. And

what are Hydra and other Hydrozoa that have become second-

arily solitary animals under a simultaneous loss of their medusa

generation, in spite of the fact that they become sexually ripe ?

Is this a case of neoteny ? This cannot possibly be so, in view of

the fact that in the Hydroidea we can find all possible degrees of

reduction of the medusoid generation; we must therefore have

here a secondary omission of the medusoid generation.
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If we disregard a clearly secondary retrogression of the

medusoid form that can be observed in Hydrozoa, and if we
disregard the case of Lucernariidae among Scyphozoa, we can

see all the remaining developments to have been clearly pro-

gressive, a fact which can be easily understood because it is

connected with a secondary adaptation of free life, in this case

in the free water zone and with a simultaneous preservation

of the essential characteristics of the older polyp form. On the

basis of this standpoint we are also enabled to understand the

conditions that can be found in the nervous system of medusae.

The progressive development of the whole nervous system

went parallel to the progressive development of the muscular

system and of the marginal sensory organs. In this connection

two regularities can be observed. This progressive development

did not lead back to the old conditions that had existed

in their freely moving ancestors (Turbellaria). The radially

symmetrical form has now been preserved by medusae which

developed the ability to swim freely and to creep over the sea

bottom. When they swim, they orientate their aboral end for-

wards. In this way the development did not lead to a cephali-

^ation; the new anterior end remained empty, i.e. it did not

develop sensory organs. A new centre of sensory and nervous

functions has been developed around the margin of the swim-

ming bell, and in this way the nerve rings have been evolved.

The fact that there are two such nerve rings can be understood

if we take into consideration that there are two nerve nets

which are situated one above the other in the original polyp

form. The formation of nerve rings is simply due to an

intensive local thickening or condensation of the two nerve

nets.

The second regularity (in the past people preferred to call

them laws), is the fact that the evolution of the polyp into me-

dusa has led to essentially identical results though it had taken

place twice. Thus both times a double ring of nervous tissue

has been developed along the margin of the umbrella, and

both times this evolution has led to similar marginal sensory
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organs. In spite of this, however, there are differences between

the two medusoid forms, even if we disregard such differences

as, for example, the presence of a velum (only in Hydromedu-
sae), or its absence (primary in all Scyphomedusae, secondary,

and rare, in Hydromedusae, e.g. in Obelia species), and the

completely different way the two medusoid forms develop;

Scyphomedusae are formed by way of transverse division or

strobilation, and Hydromedusae by way of budding. As for

the velumx, I have succeeded in showing that this auxiliary

swimming organ developed genetically from the bud, i.e.,

out of the emxbryonic protective stratum, with a simultaneous

change of its function (Hadzi, 1909 b).

Various sense organs, that in the two medusoid forms ap-

pear as new formations, can be found developed as early as

in Turbellaria (statocysts, light receptors [eyes], and chemo-

receptors); as in the Turbellaria we can find in the medusae

variants that show considerable differences. The main changes

that can be observed, above all in the mechanoreceptors, are

due to the transition to the new, specialized type of movement,

i.e. to the rhythmic contractions of the umbrella muscles;

this, however, is not true for the movement of th e manubrium

w^hich had previously been found in the oral cone of polyps.

In their progressive evolution the Scyphomedusae have

made greater advances than the Hydromedusae; this can be

partly attributed to their greater size. This, however, must not

be interpreted as if the Scyphomedusae had been developed

out of the Hydromedusae; in reality their developments have

been parallel and they had proceeded from two completely

separate initial stages. The Scyphomedusae are, in my opinion,

phylogenetically older, because the Scyphozoa themselves are

older and must be interpreted as animals that had evolved

from the Anthozoa. In the Scyphomedusae a locaUzed agglo-

meration of various sensory organs (rhopalia) can be observed

to have taken place in certain parts of the umbrella margin

that are separated from each other at regular distances. As

a consequence of this we can see an accumulation or

10
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condensation of nerve cells in the same spots of the nerve ring

which has led to the formation of (imperfect though they are)

ganglia (rhopalium ganglia). Something similar took place, it

seems to me, in the Mollusca in the case of an assymetrically

distorted bilateral symmetry. Data is available (Horridge, 1956)

which shows a nerve net to have been developed in the exum-

brellar subepithelium of the Scyphomedusae (nothing similar is

knoM n to me in the Hydromedusae). It has already been poin-

ted out that no sensory organs, and, in connection with this,

no nerve cell aggregates have been evolved in the pole of the

exumbrella, in spite of expectations that these should be deve-

loped in the anterior part of the body which comes into most

contact with the surrounding milieu when the animal swims.

It is therefore impossible that the so-called ''Hydroctena salenskii"

(Dawydoff) could be a Hydromedusa (Hadzi, 1959). In the Hyd-

romedusae, a combination of two different sensory organs

can sometimes be observed at the margin of their umbrellas

(e.g. Tiaropsis), a fact which has been used for an attempted

division of Hydromedusae into Ocellatae and Vesiculatae. It

should be also noted that in the subumbrella of Hydromedusae

an agglomeration of the nerve tissue can also take place along

their radial canals. It agrees with our interpretation of the

origin of the velum that no nerve net has been developed in

it; yet in spite of this the velum is able to perform rhythmic

contractions.

The sense organs of medusae, if compared with those of

polyps, are, as this has already been stated, new formations.

Yet if we try to pursue the development further back we see

that those sense organs that occur in medusae had also been

essentially developed in their free living ancestors, in the

Turbellaria (tango-, stato- [or tono-], chemo-, and light-re-

ceptors). The main difference is that in the Turbellaria that

creep actively over firm surfaces, these sense organs show a

bilaterally symmetric distribution (distribution in pairs) in the

anterior end of their body which represents a primitive head,

while in medusae they are distributed in groups and, in agree-
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ment with their radial symmetry and bell shape, at regular

intervals along the margin of their umbrellas.

If we consider polyps as the primary form of Cnidaria, and

if we do not find in them any complex sense organs, we must

come to the conclusion that these sense organs had been lost

due to their sessile way of life. This indicates that in medusae,

which in Scyphozoa and Hydrozoa had been secondarily evolv-

ed out of polyps, these sense organs have been newly develop-

ed—probably only after they have long been adapted to the

free life in water. We must here point to the fact—without

any intention to enter into greater details— that there is

nothing unusual in the reappearance of complex sense organs

in the two subtypes of medusae. These sense organs represent,

according to Groselj, "extremely variable values," and they

reappear again and again whenever they are required by the

circumstances in which an animal lives; they frequently appear

in the most unusual parts of the body, e.g. in the tentacle-

like processes of the cloak margin of Pecten, or in the minute

feathers of the tentacle crown of some Polychaeta. The con-

sequences of considerable changes in the \\'ay of life are first,

a reduction of those sense organs that had become useless

and finally a complete loss of these; this can also be observed

in those species that live in underground caves, regardless of

the fact that they can belong to different systematic groups.

With the same facilitv such sense organs can again and again

be reintroduced. The explantation of this may be that the

mutations that are necessary for the development of these

sense organs return, even in those cases when such organs do

not appear to be very useful. If again they are ("something to

be desired"), useful because of the change of environment, the

corresponding mutations win the protection and guidance of

Natural Selection and they can again be further progressively

developed.

It is therefore not a contradiction of facts when we main-

tain, on one hand, that Cnidaria have inherited their ability

to develop complex sense organs from their turbellarian

10^
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ancestors, and, on the other hand, when we declare these organs

of Cnidaria to be new formations. In details the structures of

these sense organs can show considerable differences from

each other, which does not surprise us because of the complex

nature of these organs and because they have been developed

under different circumstances.

It is just in connection with the sense organs of medusae

that we can observe numerous and interesting examples of

the variability of these organs. Thus, the statocysts, as organs

of equilibration and stimulation, show considerable differences

in their structures not only if we compare the way they occur

in Hydromedusae on one hand, and in Scyphomedusae on the

other; there are also considerable differences in statocysts even

within Hydromedusae themselves. Sometimes, such organs are

developed with participation of the entoderm (as, for example,

in tentacles); at other times, however, they are of a purely

ectodermal origin; they can lie exposed, or they can be sur-

rounded by other tissue, they can be free or immersed, etc.

In Scyphomedusae, these marginal organs (rhopalia) are very

complex, i.e. they are composed of several different partial

organs. The same is true for the light receptors that can appear

in very different stages of development and which have clearly

been evolved several times and independently from each other.

It should be mentioned, with regard to the retrogressive de-

velopment of the nervous system of polyps, that in hydro-

polyps this process has gone so far that we are hardly justified

to speak any longer of a nervous system because it appears as

a very sparse net only, and frequently we find even this last

remn?.nt of a former nervous system completely absent in

many parts of the animal body. It should be added here that

parallel to this sparsity of the nerve net, the "nervous tissue"

is moved from the intermediate layer into the skin layer, i.e.

to the base of the skin epithelium cells.

A reversion of this process can be observed in the medusoid

forms—inasmuch as these themselves do not tend to retrogress

(Hydromedusae that have adopted the sessile way of life).
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Parallel to the development of their muscle system and of

their sense organs, which is connected with an increased den-

sity of the nervous tissue, we can observe a sinking of the

latter into the skin epithelium, thus into the jelly-like basic

substance of the intermediate layer. This development can be

observed along the margin of their umbrella and also in their

tentacles, as has been proved in Pelagia by Krasiriska (1914).

In principle, it would be wrong to suppose the presence of

such an advanced nervous system in the sessile polyps.

The 'Efnunctory-Excretory Organ

As is well known, no visible special excretory organ of a type

which would resemble a protonephridium, for instance, can

be found in the Cnidaria. On the other hand, we can often find

a well developed protonephridial excretory system in the

Turbellaria. Those who adhere to the old interpretation, find

an easy explanation of this difference: they suppose that in

Cnidaria the absence of protonephridia is a primary charac-

teristic, because the Cnidaria are, so they believe, as far as

their primary organization is concerned, at a lower level of

evolution. Yet, we too can find an explanation of this diffe-

rence between Cnidaria and Turbellaria, which at the first

glance seems to be so important, on the basis of the following

arguments:

(1) There is a considerable uncertainty about the origin of

protonephridia that have developed later into other nephridial

organs, above all into the metanephridia of molluscs among

the Ameria and Polymeria. While there are no protonephridia

in "Coelenterata," they appear, as it seems, suddenly in the

lowest "Coelomata," in the Platyhelminthes. They have, with-

out any previous intermediate stage, a well-developed tube

system with specialized terminal cells equipped with beating

undulipodia; internally they end blindly, while externally they

end in pores. It cannot be supposed that they have developed

as such out of nothing. Krumbach (in his Handbuch der Zoo-
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logie) has tried to avoid this situation by attempting to derive

the protonephridia from the invaginated and immersed "ribs"

of Ctenophora. Fortunately, this interpretation did not find

any favourable reception among other zoologists because such

an evolution is completely devoid of probability. No other

attempt to interpret the origin of these protonephridia has

been known to me. We will approach this problem from an-

other standpoint.

Our starting point is the fact that as early as in the Protista

an apparatus can be found for the excretion of the superfluous

water which constantly enters from the watery environment

into the cytoplasm, where it absorbs the dissolved products

of the metabolism. This is the contractile vacuole which may
have developed from the small intermediate cavities that occur

in the cytoplasm. A high level in the evolution of these vacu-

oles has been reached in the swimming Euciliata so that in

this case w^e are entitled to speak of a special excretory-

emunctory organelle (Fig. 23). This organelle is particularly

well developed in species that live in fresh water; it shows

a considerable lability because it can easily disappear. This

frequently takes place in species that live in the sea and in

those w^hose size has been greatly diminished.

From this point of view we can come to the conclusion that

the ancestors of the Turbellaria had inherited from their Eucili-

ata ancestors (apart from numerous other things) an emunc-

tory system also as well as the middle layer which also contains

the body muscles. It should be remembered in this connection

that as early as in Euciliata this emunctory system had been

developed into a canal which later becomes its regular form

in the Eumetazoa. From the orifice of these excretory canals,

i.e. from the porus excretorius, the skin layer (actually quite

similarly to the margin of the cytostome where it has led

to the formation of the cytopharynx), together with its cilia,

has moved by way of invagination into the interior of the

body, and in this way the ciliated and pulsating terminal and

canal wall cells have been developed. In this connection we can
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observe in the ontogenies of numerous Eumetazoa that their

nephridia are developed at least partly by way of the invagi-

nation of the skin layer. Later these protonephridia have been

influenced first by the polymerization, and subsequently, ac-

S^Av>^- ^^.

\ >^

Fig. 23. Excretorial-emunctorial organelle of a ciliate (Pycnotbrix

monocystoides) . A, habit. B, the ciliated end of the canal. (From
Dogiel.)

cording to circumstances, by the oligomerization which has

frequently led to a complete disappearance of the nephridial

organs. Here we are interested in the fact that, as far as we
can judge on the basis of our present knowledge, the small

acoelous Turbellaria do not possess—and this without an
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exception— any protonephridia. On the other hand we cannot

find, according to Lang, any protonephridia in the rather

large Polycladida that Uve exclusively in the sea, a fact which

must be explained as being due to their secondary disap-

pearance. Many other species of Turbellaria, especially those

that have adopted the parasitic way of life, have lost their

protonephridia, while at the same time these are preserved in

the small Temnocephala that live epizoically in the fresh water.

In my opinion we must attribute a greater importance to

the older data provided by v. Graff (1904-1908, in Bronn's

Classen und Ord. des Tierreiches), and by Lohners (1911), as

well as to those that have been published more recently

by Westblad (1948), according to which there can be found

an accumulation of excretory products in the form of

cellular and plasmatic inclusions in the external body layer,

in the so-called ectocyte, w^hich, however, is not equi-

valent to the ectoepithelium and thus to the epidermis

(e.g. in Varaphanostoma crassum, P. trianguliferum ^ the Convoluta

species, etc.). This is the same body layer which in Infusoria

regularly contains the contractile vacuoles. If the functioning

of these contractile vacuoles ceases because of the retrogression

of the emunctory function, the excrement is deposited as

firm bodies (eventually as crystalloids) in the cytoplasm either

of the mesenchymal or of the digestive cells.

(2) It is therefore not surprising, in view of the fact that

the protonephridia had been so labile both during their

development as w^ell as in their occurrence, that they have

been lost during the evolution from the turbellarian ancestors

to the Cnidaria, at first semi-sessile and slowly creeping, and

afterwards to the completely sessile and immobile animals.

In addition to this, first Cnidaria were in all probability small

animals. In these circumstances, the protonephridia became

superfluous and they did not stand any longer under the

protection of Natural Selection. It is quite possible that in

the period of the separation of Cnidaria from their turbellarian

ancestors the formation of protonephridia had been very labile.
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The following factors had supposedly contributed to the com-

plete disappearance of special emunctory-excretory organs: (a)

life in the sea; (b) the abandonment of active movement; (c)

the progressive diminution of the size of polyps in connection

with the formation of cormi; (d) the relative enlargement of

free surfaces (external as well as internal); and, (e) the epitheU-

zation of the tissue.

It is characteristic that during the subsequent evolution of

the Cnidaria, protonephridia have never reappeared, either in

the secondarily solitary polyps whose size has also been

simultaneously increased, or in the secondarily free medusae

that have also reached a considerable size. In all probability

this can be attributed to Dollo's rule of irreversibility. The

functions of the abandoned organs have been taken over by

the parts of the body that have been preserved, occasionally

with a partially progressive development of the latter (the

pores in numerous medusae, the so-called liver in Chondro-

phores among Siphonophora).

(3) We can see, if we look around at a somewhat broader

circle, especially among the numerous subtypes of Ameria,

how frequently under special conditions protonephridia have

been reduced or even abandoned. Protonephridia are extremely

reduced in the Endoprocta (Kamptozoa, according to Cori)

that live mostly in the sea and that have become sessile

animals. Two very short canals, each with one ciHated cell

at its internal end and with one pore, is all that has been

preserved of all the variously twisted canals with their numer-

ous terminal organs. The protonephridia have completely

disappeared in the species of two orders, out of the three,,

of endoparasitic Acanthocephala. In a majority of Nemertinea

that live in the sea, the nephridial apparatus, which is other-

wise considerably specialized, is strongly reduced, and it is

completely abandoned in numerous bathypelagic species.

Most interesting in this connection are the Ctenophora,.

Zoologists are usually of the opinion that the Ctenophora

as Coelenterata, do not primarily possess any protonephridia.
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I have shown it to be very probable that in the Ctenophora

the last remains of protonephridia have still been preserved,

even if their condition as well as their function have been

considerably changed. These remains have developed the form

of the so-called "ciliate rosettes" and they correspond, in my
opinion, to the terminal organs of the typical protonephridia

which have been grown over by the intestinal wall (Hadzi,

1957, see Fig. 24). In this way they have re-established their

contact with the external wcrld by way of an intestinal lumen

instead of the lost contact by way of pores.

A very interesting case is that of Nematoidea. They are

characterized by the fact that they can no longer produce

undulipodia, not even in connection w4th androgametes.

Correspondingly there are no terminal organs in Nematoidea

so that here the excretory function has been taken over by

a device which consists of two cells. An eventual homology

of this device with protonephridia is more than questionable

;

it is in all probability a new substitute form.

It should be briefly mentioned that in the Annelida among
Polymeria, where the general polymerization has also influenc-

ed the excretory organs that developed into metanephridia,

the nephridia have been reduced either to a sole pair or to

an unpaired nephridium. This has been partly due to their

transition to a semi-sessile or sedentary way of life, and partly

to their extensive diminution. This is true even to a greater

extent for Oligomeria that have adopted the sessile way of

life; in these we can find developed either individual nephridia

or none whatever. Even among the sessile Chordata, the

Tunicata, no real nephridia have been preserved.

If we presuppose, though cannot, strictly speaking prove it,

that protonephridia have been secondarily lost in Cnidaria

because of their sessile way of life, we will find such an inter-

pretation strongly supported by analogies to numerous other

cases, where it is immediately clear that protonephridia had

been reduced or abandoned under similar circumstances. In all

these cases we find the emunctory part of the nephridial
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tunction considerably reduced as is particularly true for types

whose bodies are covered with a cuticle. The real excretory

function is always taken over by other organs or tissues

because this function remains unavoidably necessary due to

the metabolism of the animals, regardless of the w^ay in which

these animals feed. On one handwe can see nephrocytes(mesohyl

Fig. 24. "Ciliate rosette" of the ctenophore species Coeloplana sp.

(after Komai),

cells), i.e. cells of the same origin as protonephridial cells, and

on the other hand the intestinal cells, take over the function

of the lost protonephridia. This is also true for Cnidaria: the

second type of substitution is especially characteristic of the

rapidly moving medusae which have developed, as has already

been mentioned, excretory pores at ring canals as special

auxiliary organs.

Finally we must not forget that it was aeons ago that

Cnidaria (as the first Eumetazoa to have adopted the sessile

way of life) were separated from Turbellaria. There has

therefore been plenty of time available for the reduction and
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for the final elimination of the canal system which had become
superfluous. Thus the protonephridia were replaced by an

auxiliary apparatus a development which has later also taken

place in other groups of Eumetazoa.

A question could perhaps appear justified: is it more proba-

ble that the protonephridia of Turbellaria had been developed

from the nephrocytes as probably the most primitive excretive

organ of Cnidaria? Has anything at all been known which

could point to such a direction?

The Spongiae appear, as in so many other instances, in

connection with the nephridial system, as standing apart from

all other genuine Metazoa, the Eumetazoa. In the Spongiae

we find that not only are nephridia absent (this absence is

in all probability a primary characteristic), but we cannot

even find a substitute for them. The monocellular protozoic

ancestors of Spongiae possessed, as this is also the case with

other Flagellata, contractile vacuoles that served as special

emunctory-excretory organelles. No special excretory organs,

no nephridia, developed during the transition from the

colonies of Flagellata into the polycellular Spongiae. It seems

to us that in the Spongiae the formation of special excretory

organs was not necessary, because the Spongiae have been

able to live easily without them, first, due to the fact that even

after the integration their individual cells have preserved a

considerable degree of independence; secondly, because their

bodies have considerable external as well as internal surfaces;

and, thirdly, because the Spongiae have preserved a very

slow life rhythm, and because they have generally remained,

with a few exceptions only, marine animals.

On the basis of all this w^e come to the conclusion that the Cni-

daria secondarily do not possess any protonephridia because

they have adopted the sessile way of life and as such they can

dispense with them or they can replace them with other simpler

forms. Furthermore, it seems that Dollo's rule is valid for

protonephridia as complex excretory organs ; those organs

which had completely disappeared cannot be later re-developed.
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The Genital System

Of all the differences that exist between the Turbellaria and

Cnidaria the differences that can be found between their genital

systems seem to be the greatest. As a matter of fact these diffe-

rences at the first glance seem to be so great that any attempt

to derive the Cnidaria from the Turbellaria appears as a comp-

letely hopeless venture. Yet if we study the conditions

that can be found in these two groups, and if we compare

them with those that can be found in other more closely

related groups of Ameria, we find the situation changed

so that it does not seem that such a deduction is hopeless.

It is certain that the Turbellaria, whose organisation shows

in all other respects a lower stage of development, possess

at the same time a genital system which has a complex

structure and such a variety of forms, that cannot be surpassed

by any other animal group, and we do not exclude even

the most highly developed Vertebrata. As is well known,

the Turbellaria are, with a few exceptions hermaphrodites.

I will return later to discuss the probable origin of this

hermaphroditism. Without any intention to go into details

that are well known to zoologists (frequently the Turbel-

laria are systematically grouped and identified on the basis

of their complicated genital systems), I wish only to mention

here that these complexities affect both the gonads themselves

(e.g. the division of female gonads into an germarium and a

vitellarium),as well as their gonoducts, various auxiliary glands,

and, finally, the organs of copulation. Due to their mobility

these animals not only search for their food but also seek out

their sexual partners. The advantage of the hermaphroditic

state consists in the fact that any meeting with a member of

the same species makes possible copulation and thus also

reproduction.

It has been too little considered that though a herma-

phroditic genital apparatus with a complicated structure

can be found in a large majority of Turbellaria, there are
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among the primitive Turbellaria species, a quite simple genital

apparatus (Fig. 25) which is similar to the condition found in

the Cnidaria. Yet even if there were in recent times no such

primitive species of Turbellaria, if they had all died out, we
would still be justified in defending the thesis (in view of other

Fig. 25. An acoeleus turbellarian with its simple genital apparatus

(Tetraposthis colymbetes) . (From An der Lahn.)

circumstances) that the genital organization of Cnidaria had

been developed out of that which had existed in Turbellaria.

It is illuminating to observe in this connection the destiny

of the complicated genital system of Turbellaria as they
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evolved. The whole system has been taken over from their

tubellarian ancestors by two types which have both developed

into parasites ; by the Trematoda and by the Cestoda. In all

other cases we can observe a very radical reduction of this

complex, frequently with a transition to gonochorism. In the

Nemertinea which are now quite generally considered as

being direct descendants from the Turbellaria and thus their

closest relatives, we find all the richly developed "decoration"

lost, and of all the oppulence of their auxiliary organs there

is hardly the formation of a conduit = canal left. Though
hermaphrodites can still be found among the Nemertinea,

the latter have nevertheless abandoned the pairing associated

with internal fertilization. It is in the pelagic species Phallone-

mertes only that simple copulatory organs can be found in

the male animials (yet even this case is problematic because

we do not know whether these organs are a remnants of a

primary apparatus, or whether they are secondarily developed

organs, due to the secondary pelagic way of life). In Carcino-

nemertes even the direct contact of gonads with the external

world has been relinquished, and the gametes are secreted

into the digestive organ. The Rotifera, however, have preserv-

ed more numerous elements of the complex structure of

the turbellarian genital system the female animals have the

division of the ovary into a germarium and a vitellarium,

and the male animals have developed a special copulation

organ. The generally hermaphroditic Gastrostricha do not

differ widely in their genital apparatus from that found

in Rotatoria. The turbellarian genital apparatus has been

somewhat more preserved in the parasitic Acanthocephala.

On the other hand, the auxiliary organs show a complete

retrogression in Endoprocta which have adopted a sessile

way of life; in these the situation resembles that which can

be observed in Cnidaria with the difference that in the former

the canals of gonads are always developed while in the polyps

of Cnidaria the remains of these canals can be found only

in Anthopolyps, just as in Ctenophora which have developed
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secondarily into pelagic animals. Finally we must mention

here the MoUusca. In the primitive Mollusca an advanced

retrogression can be observed. In these, only the canals can

be observed but it is not clear ifwe are concerned with genuine

gonoducts or with coelomoducts, or with metanephridia

;

it is natural that under such conditions no pairing can take

place. Subsequently, however, a secondary complication of

the genital system appears in Mollusca, especially in the

dioecious species of gastropods.

With regard to their genital system, there is in Cnidaria on

one hand a progressive simplification, and, on the other, an

increased complexity. The simplification does not only affect

the auxiliary organs but also the gonads themselves ; the

complications can be observed to take place in the bearers

of gonads and in their surroundings in the cormus, w^hich

is clearly a consequence of the sedentary way of life.

With regard to the distribution of the two sexes there is

a clear trend towards the dioecious state. The hermaphroditic

state had been inherited at least partly by Anthozoa from

their turbellarian ancestors. It is not rare for this state to

become hidden and develop into a protandry ; the protandrous

individuals are therefore usually considered as monoecious.

It should be mentioned here that an inclination to protandry

appears as early in Turbellaria. On the other hand, we can

observe, according to Bresslau (1933:115), that in such Tur-

bellaria, with a lower status of general organization as in the

Acoela, l]ofstenia among the Alloeocoela and Polyclads also,

as the genital apparatus shows a lower stage of organization.

This trend in their evolution was inherited by the Cnidaria

from their turbellarian ancestors.

The hermaphroditic Anthozoa occur above all among the

primarily solitary, and therefore, according to our interpreta-

tion, primitive species (Ceriantharia, Actiniaria) with polymeriz-

ed gonads. In the Anthozoa, just as in Ctenophora, we can

find the gonads of both sexes in one and the same sarcoseptum

(this name is better than that of mesentery) ; each gonad is
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bisexual in the species Boloceroides hermaphroditicus^ as in the

garden -snail ; their centre is the testis, and the periphery-

is the ovary. ''Stephanoscyphus racemosus'' (Komai) is a scypho-

zoan which we consider as a primitive one and which is,

according to Komai (1935) still hermaphroditic in its polyp

generation. In its medusa generation (Nausithoe)^ however,

we can observe a division of sexes. The same is true for

the whole group Ephyropsidia where during strobilation the

sex cells of only one of the two types of sex cells enter

the Anlage of ephyrae by migrating from the basis of

taeniolae (sarcosepta). During the retrogression or even the

complete loss of the polyp generation, gonochorism becomes

prevalent and as a consequence of this the Lucernariidae

which have secondarily developed into purely sessile animals

become monoecious.

On the other hand, we can again find some hermaphroditic

species among the generally gonochoristic Hydrozoa, e.g.

among the extremely retrogressed and secondarily solitary

Hydra. The hermaphroditic state is quite rare among Hydrozoa

(e.g. in the medusoid generation oi Bleutheria which, however,

has become "degenerated" so that it has been changed into

an animal that lives on the sea bottom (Fig. 26).

As for the structure of gonads (the word "gland" instead

of "gonad" is not suitable for the gonads of the lowest

Eumetazoa; gonads can contain gland cells yet they do not

always have them; as a rule they are built of sex cells which

after all are not gland cells) we can observe, in agreement

with our thesis, that it is in the Anthozoa, which have evolved

as the first (the word "lowermost" would not be suitable

here) group of Cnidaria from the Turbellaria, that the gonads

are compact and that they possess at least a few auxiliary

devices; to be more precise this is true for the primarily

soHtary Actiniaria only. There occasionally appear follicular

forms with traces of spermoducts which are produced by

their testes; their oocytes show a type of feeding device which

was correctly interpreted by F. Pax (1924:787) as a remnant

11
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of a former oviduct whose function had been changed. It is

therefore probable that we have here the remains of an earlier

stage in which evolutionary progress had reached a much
higher level.

No regular sack gonad, i.e. a gonad with a central cavity

or with, a gonocoele and with a gonoduct, can be found

among the Cnidaria. It is in accordance with the progressive

Fig. 26. A benthonic hydromedusa {Elentheria dichotoma), from
Hincks.

retrogression of the middle layer (mesohyl) that the gonad

first loses its sharply circumscribed massive character.

It develops more and more into a simple agglomeration

of gametocytes. Those gonads which in the Turbellaria

had been situated in the depth of the parenchyma are trans-

placed in the Anthozoa into the sarcosepta which is more

usefull for the feeding of gametocytes. In this w^ay the

gonads have completely lost their contact with the skin layer

and they have entered into a closer union with the intestinal

epithelium. This, however, should not be understood as a

transition to an endocarpic state, as was formerly interpreted
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by experts in Cnidaria. The gonads have remained in the

cnidaria in the intermediate layer and then had developed as

such into a corpus separatum.

We can observe, as a consequence of the progressive retro-

gression of sarcosepta (which had been developed from the

longitudinal folds of the intestine), as early as in Scyphomedu-

sae and quite generally in Hydrozoa, the transition of gonads

into the body wall itself, thus into the very narrow area

between the skin and the intestine. In the Anlage the gonad

comes into the subepithelium either of the skin or of the

intestine. In the ripe state the gonad causes a corresponding

swelling either of the skin surface (e.g. in Hydra) during

which gametes, that had become free, move into freedom

through a dehiscence, or the gonad presses in the direction

of the intestinal epithelium and passes over into the gastral

space, and the gametes finally leave by w^ay of the oral opening

(this is the case, for example, in the supposedly primitive

Protohydra, Boreohydra, etc.). The older data, which show the

primitive sex cells to have developed out of the functioning

skin (or intestinal epithelium cells), need revision during

which it wdll be necessary to pay special attention to the

subepithelial elements, this data is vaUd for a few species

only of the Hydroids.

In the metagenetic Hydrozoa the gonads were transferred

to the medusoid generation after they had been allotted

certain areas of the animal body either along the radial canals,

or on the manubrium. As a rule, the primitive sex cells become

active as early as in the corm-building polyp generation and

frequently far from the place where the medusa buds had

been formed, so that the primitive sex cells have to move
actively over considerable distances, as w^as formerly shown

especially by A. Weismann. The same seems to be true, even

if to a considerably smaller extent, for those Scyphozoa which

have still preserved a corm-forming polyp generation (e.g.

Nausithoe), This wandering of the primitive sex cells reminds

one of the wandering of cnidocytes.

11*
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In the Hydrozoa the location of gonads can again be changed

with a secondary retrogression of their medusoid generation.

In this connection we must mention the unique case of

Rleutheria medusae where the gonads have been transferred

into the exumbrella with a simultaneous development of a

brooding cavity during their transition to the benthonic way

of life (Fig. 27). We have, furthermore, to mention here the

Aeginidae, a group of Narcomedusae, which no longer possess

Fig. 27. Half schematic longitudinal section of a benthonic
hydromedusa (Eleutheria radiata) with brood pouch in its umbrella

(after Lengerich),

any distinct gonads and whose sex cells are scattered all over the

subumbrella. In Hydra it is a trace of former conditions—

when sex cells still had to move and when they were therefore

amoeboid— that the young egg-cells still move like amoebae,

simultaneously eating food cells. There are some authorities

who deny that an active migration of gametocytes really

takes place. All these singularities can be found in Hydrozoa;

they represent, in our interpretation, the final level that

retrogression of the sexual apparatus has reached in Cnidaria,

and not a primarily primitive condition.

Parallel to this retrogressive development of the sexual

apparatus that can be observed in Cnidaria and in clear causal
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connection with the sessile way of hfe, another process takes

place which, however, follows a progressive line of evolution.

This process does not affect the gonads themselves but rather

their bearers and the immediate surroundings in the cormus.

Events have been created by these gonads which have led

to far-reaching morphogenetic processes typical of Cnidaria

but which, however, can also be found in a similar form in

many other animal types. Due to polymorphism, special

individuals had evolved which have later developed into

specific bearers of gonads. This has finally led evolution to the

complex gonosomes besides the medusoid generation (Fig.

31).

The Alternation of Generations in Cnidaria

It is in agreement with our thesis of the origin of Cnidaria

that we find in the Anthozoa the most primitive conditions

that can be observed in connection with the alternation of

generations. The primarily solitary species of Anthozoa deve-

lop into sexually ripe individuals directly from larvae.

In some species as, in Gonactinia prolifera^ we can observe

that an asexual reproduction by way of transverse division

takes place before the animal becomes sexually mature;

this is also the case in numerous Turbellaria. The transverse

division is followed by sexual maturation and the only

difference that exists between the two generations is that

one had been reproduced sexually and the other asexually.

In this case we can already speak of an alternation of

generations if we attach greater importance to the type of

reproduction than to the morphological or eventually ecological

differences. It is my firm conviction that it is senseless to

declare a form to be a larva when it is produced sexually

and when itself reproduces asexually. Only a form which had

been produced sexually can further develop through a pelagic

larva. Finally in the solitary species all individuals become,

in all probability, sexually ripe regardless of the way that
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they had been produced. Thus we get a simple growth cycle

by way of an alternation of generations and without a sharp

difference between the two generations.

Subsequent to this we find in a majority of Anthozoa the

formation of cormi where the incomplete transverse division

developed into longitudinal division and even more so into

reproduction by way of buds. The conditions were initially

the same as those that can be found in the solitary species

that reproduce asexually. There is always a larger number of

asexually produced generations. We find occasionally in the

formation of cormi that not all asexually produced individuals

(they are now subindividuals or persons) become sexually

active. In many species of the genus Corallium there are,

surprisingly enough, only the changed siphonozooids that

become sexually active; the two generations live together as

sessile animals in one cormus.

An interesting and, as it seems, unique case among Anthozoa

is represented by Fimgia which has been already mentioned

above (Fig. 28). This is an apparently secondarily and not

completely solitary madreporarian. Its sexually produced

anthopolyp reproduces in two parallel w^ays ; one by w^ay of

lateral budding which can lead to the formation of a cormus

(colony). In this Fnngia resembles other species of Madrepo-

raria. The maternal polyp, however, can reproduce asexually,

by way of transverse division; yet this division is unequal.

The destiny of the two halves as well as their forms are

different. The distal part which is slightly broadened and

which takes over the circlet of tentacles and corresponds to

the so-called anthocodium of anthopolyps descends, after its

separation from the basal part, the former polypid, to the

sea bottom. It grows into a large "coral" which continues

to lie on its flat side and develops into sexual maturity. Special

names have been given to the tw^o generations which have

thus been developed by way of transverse division. The basal

part has been called an "anthocaulus," and the distal sexually

ripe individual an "anthocyathus." There can be no doubt
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that in Fmgia we have a typical case of the alternation of

generations (metagenesis) where the two generations are first

a typically polypoid generation, and then the sexual generation

which does not at all reproduce asexually. We do not find

acceptable Hyman's description of the sexual generation as

adult disc" (I.:611). Due to the transition of gonadsan

Fig. 28. The life cycle oiFungia sp. A, a young coral polyp. B,

the beginning of transverse scission. C, anthocyathus is fully de-

veloped. D, after separation of the anthocyathus, the anthocaulus

remains (after Delage and Herouard).

into the second generation which has been developed by way
of asexual reproduction, this generation has been considerably

changed, morphologically, ecologically and biologically under

the influence of these gonads.

In Fimgia, and quite generally in the Anthozoa, we cannot

speak of a medusoid generation. It is improbable that the

Q2iSQFimgia represents has in any way contributed to the forma-

tion of the medusoid generation, in spite of the fact that in

it we can see something parallel, a certain common "trend."
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Even the word "medusoid" does not seem to be suitable

here, it should continue to be used in connection with the

anthocyathus, if it is necessary at all to have a special name
in this case. The luxuriously developed inner calcareous

skeleton had probably been a very important factor of the

case of Fiitjgia. With regard to the life cycle, there exists a

deep chasm between the recent Anthozoa and Scyphozoa.

A closer union of these two classes into one of Anthozoa,

a suggestion which goes back to Goette, is a mistake which

has fortunately now been completely rejected. In the Scyp-

hozoa a special freely swimming generation has been developed

by way of the transverse division which they had inherited

from their anthozoan ancestors and because of the absence

of a heavy inner calcareous skeleton. This generation, i.e. the

Scyphomedusae, have taken over the sexual function and

later it has assumed the leading role. In this w^ay metagenesis

becomes even more clearly perceptible. To the primary polyp

form (it is now called a scyphopolyp in opposition to the

anthopolyp) w^hich reproduces only asexually has been given

a special name, i.e. a scyphistoma or a scyphostoma, and this

again has been a reason for unnecessary misunderstandings.

Scholars have frequently tried to represent the polyp generation

of Scyphozoa as a purely juvenile form, and thus to degrade

it to a larva. They have referred in this connection to a com-

pletely special and abnormal case which occurs under special

circumstances, i.e. w^hen a scyphopolyp transmutes in toto into

a scyphomedusa, or an ephyra (i.e. a medusan larva), instead

of developing a "medusan larva" by way of transverse division

(strobilation).

Fortunately enough, there have survived many species of

Scyphozoa that have preserved conditions that were formerly

typical of them. Nausithoe punctata is one such species which

has already been mentioned. Its polyp generation produces

irregularly formed cormi (colonies) wdth a rich development

of the "periderm." Though gonocytes still continue to be

produced in the basal part of the polyps, they migrate now
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into their distal part (corresponding to the anthocyathus of

Fungia; one could therefore speak here of a "scyphocyathus"

which, however, would be completely superfluous) which

produces the larvae (ephyrae) of Scyphomedusae by way of

a repeated transverse division (i.e. strobilation) . It is in these

ephyrae that the gonads arrive at their sexual maturity.

I maintain that originally individual ephyrae only wxre deve-

loped (the primarily monodiscal strobilation); it was only

later that the transverse division began to be repeated at

certain regular intervals. The genuine strobilation, however.

Fig. 29. Monodisc strobilation of Cassiopea sp., with a bud,
(after Bigelow).

has been developed only secondarily, i.e. when the transverse

division became a multiple one (the appearance of several

simultaneous transverse divisions, or the polydiscal strobila-

tion). This again has further led to a secondary single and

unequal transverse division (the secondary monodiscal strobi-

lation which is actually no longer a strobilation because

it does not lead to the formation of a strobila-like form

[Fig. 29]). This has finally led to a complete abandonment of

the transverse division.
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Parallel to this we find in the Scyphozoa a characteristic

retrogression of the polyp generation. As a consequence of

this retrogression the whole class has been given the name of

Scyphomedusae, because in this class the medusoid generation

has become the prevalent one. No primarily solitary polyps

have been known so far. The soUtarization of the polyp

generation took place by way of a secondary reduction of

cormi. The periderm which w^as originally preserved by

scyphopolyps was the same as had been inherited by the

corm-forming species from their anthozoan ancestors of the

type of the recent Stolonifera, among Octocorallia (e.g.

Cornularia cormicopiae, [Fig. 42]). The cuticular external skeleton

had been reduced during the soUtarization and the elimination

of the polyp generation so that finally there are only resting

states, as for example podocysts (Hadzi, 1912) that have

remained covered with this cuticle. The sexual function, the

formation of gonads, has been entirely transfered to the

freely living medusoid generation. The completely weakened

primary generation has finally been completely relinquished, so

that it is the very progressively developed medusoid generation

only w^hich has been preserved. It has already been mentioned

that a side branch has also been evolved in the Scyphozoa

which has become completely benthonic so that cilia do

not even occur in its planula (Fig. 35). These are the Lucer-

nariidae whose medusoid generation remains hanging on the

maternal polyp and is united with it into a new whole w^hich

represents a special case of hypogenesis (polypomedusae).

As among Scyphozoa, there are no primarily solitary species

of polyps among Hydrozoa which should naturally also be

sexually mature, and we dare maintain that in the Hydrozoa

such species of polyps have really never existed. In all proba-

bility they wxre corm-forming from the very beginning. The

sexual function has been taken over by the medusoid generation

which has become secondarily free. We have already mentioned

that in the more primitive species the primitive sex cells

develop first in the cormus, after which they migrate actively
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into thcAnlagen of special sex individuals; these finally develop

into independent freely swimming individuals, into the second

generation.

In this the Hydrozoa resemble the Scyphozoa, with

the only difference that in the Hydrozoa the medusoid

generation does not develop by way of a transverse divi-

sion but rather by way of lateral budding so that they

are therefore further developed from an independent root.

We can observe, moreover, in Hydrozoa a secondary disap-

pearance of the primary polyp generation and the prevalence

of the secondary medusa form, hypogenesis (Trachylina),

without a development of special auxiliary sex organs.

It is clearly in connection with this that in Hydrozoa the

second sexual medusoid generation develops from "heads"

of polyps (hydranths) which had been developed by

way of budding, on the bearer of these polyps. This has

frequently led to further complications. The colonial or

cormus state which made it possible that those zooids in which

the budding of medusae takes place, abandon their normal

feeding function and develop into pure bearers (which are

without tentacles and without a mouth) of medusae or of

reduced medusae— of gonophores. They have been given a

special name, that of a blastostyle. This again has led to a

polymorphism (e.g. Fodocorjne carnea). It is frequently difficult

to determine whether we have in a certain case a strongly

retrogressed polyp type bearer of gonophores or whether

we have perhaps a special form, e.g. a stem of a bud

(Fig. 30).

Frequently the development does not stop here, and an

even greater influence can be exerted in a cormus by the

Anlage of a gonad upon its whole environment. Thus in the

case of Aglaopheniidae, among the Thecata, where medusae

had become strongly retrogressed and where they remain

attached to the cormus, we can observe the transformation

of a whole branch of the cormus together with its minute

twigs so that they form a protective receptacle around the
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"gonangia;" this is called a corbula because of its similarity

with a basket. Simultaneously the polypoid individuals have
been strongly modified and they have become in this way
polymorphous. It was originally thought that this w^as a case

of other species living epizoically on the cormi of Hydroidea,

and for this reason these groups of accumulated gonophores
and of transformed other zooids have been given special

Fig. 30. Reduction of hydropolyps as bearers of gonophores. A,
Podocoryne carnea {after Brooks). B, Endendriiim sp., (from Hyman);
C, gonangium of Gonothyrea sp., with gonotheca, blastostyl and

medusoid-buds (after Hyman).

names, e.g. Coppinia in luafoea pygmaea Alder (Hebellidae), or

Scapus in 'Lictorella pinnata (Fig. 31).

In the Hydrozoa the Siphonophora form an interesting case.

Contrary to the recent attempts made by A. K. Totton (1954)

to separate part of the Siphonophora-Disconanthes or Chond-
rophora from the remaining Siphonophora and to establish

them as a special taxon, I am of the opinion that the Siphono-

phora had evolved monophyletically and that they must

therefore be considered as an indivisible unit, i.e. as an order

of the Hydrozoa. The old discussion on how to interpret the

organisation of the Siphonophora and their origin has not

come to an end yet, still I think that the most probable inter-
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pretation is the suggestion which I have already proposed in

one of my studies (Hadzi, 1954), i.e. that the Siphonophora

had evolved from the sessile cormi of the athecate Hydroidea

by way of a transition to a life in plankton; they therefore

represent an order of very polymorphous individuals partly

of a polypoid and partly of a medusoid character. In all

cases the basis of the cormus is an impersonal stock (siphono-

some) which corresponds to the hydrocaulus of the Hydro-

idea. The orientation of the cormus had been turned similarly

Fig. 31. Two examples of gonosomas of the hydroids. A, corbula
of Aglaophenia pluma and B, coppinia of 'Lictorella pinnata; (after

Broch).

as in the case of medusae. In part of the Siphonophora (Pneu-

matophorae Chun 1897 or Siphonanthes) we can find at the

root of the stock which can secondarily be flattened and

which can resemble externally a medusoid form, that a pneu-

matophore had been developed as an organ of the cormus and

it therefore does not correspond to a medusoid individual.

The Calycophorae (Leuckart 1854) and Pneumatophorae (Chun

1987), the two suborders of the Siphonophora, had separated

phylogenetically quite early so that the species belonging to

the first subgroup had not developed their own pneuma-
tophore (or is it possible that they had originally possessed

it and had lost it only subsequently?) and they use as their

hydrostatic and swimming apparatus, the more or less modified

swimming medusoids only. The Disconanthes are the most

specialized subgroup of the Pneumatophorae.
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We cannot accept Garstang's thesis (W. Garstang, 1946)

that the Siphonophora are "bud communities." This thesis is

quite untenable because buds are in fact the asexual primordia

of these subindividuals. Thus the *'bud communities" are in

fact true cormi (usually called colonies) which is also true

for the chondrophore Siphonophora; Garstang, however,

considers them as polypoid individuals.

With regard to the origin of the Siphonophora I again

maintain that it is wrong to point in this connection to the

plank tonic larvae (planula and actinula) and to try to deduce

the Siphonophora from them as has recently been done by

E. Leloup (1929) and Hyman (1940). We can easily under-

stand that as a consequence of a long progressive evolution

within the frame of the subtype of the Siphonophora the

ontogenetic process had also been modified and that the

siphonula had evolved as a special larval form from the

planula (and the ratarula as an even more specialized form

which had been developed by the Chondrophora) so that

it had developed into an Anlage of the cormus (Fig. 46 a).

It can easily be understood why a primary polyp (i.e. a

primary gastrozooid) develops as a kind of an Anlage of

an oozooid on the larva of the Siphonophora and why
it later grows as a monopodium into the Anlage of the

cormus, i.e. into the basis of the cormus, into the impersonal

stock on which the first members of the family bud as subindi-

viduals either as the first swimming bell w^hich is true for the

subgroup Cylycophorae, or as an Anlage of the pneumato-

phores which is true for the Pneumatophorae.

The Siphonophora must be considered as the climax in the

evolution not only of the Hydrozoa but also of the Cnidaria

as a whole.

Because of our imperfect knowledge of the whole develop-

ment cycle of a large number of the Hydroidea we must

for the time being still accept the existence of a double

system, i.e. that of the hydropolyps and that of the hydro-

medusae. This certainly is an anomaly which will soon have



PREVIOUS INTERPRETATIONS OF CNIDARIA 163

to disappear. The polypoid form (generation) must serve as

basis for the construction of the definitive system of the

Hydroidea. We cannot begin to discuss here the details of

such a system and we must limit ourselves to a few general

observations only.

We have here a progressive trend in evolution which has

reached its climax in Hydroidea. All these phenomena can be

completely understood only ifwe accept the standpoint which

considers Anthozoa to be "the most primitive," and Hydrozoa

as the most specialized, i.e. phylogenetically the youngest

Cnidaria.

The Digestive System

While the external form of all three classes of Cnidaria

remains essentially identical with their basic form, i.e. with

the form of polyps (a cylindrical or a cup-shaped form) w^e

find such differences in the form of the digestive system (of

the internal layer or of the entoderm) that by means of these

differences we are able to make clear-cut distinctions between

the three classes. It was under the influence of the thesis of a

generally progressive evolution of all living beings that the

polyps of Cnidaria with a simple and smooth intestinal tube

generally considered as the most primitive ones, those which

show the formation of longitudinal septa in their "initial"

stages as the next more highly developed ones, and finally

those with strongly developed sarcosepta as the most highly

developed polyps, an interpretation which agrees with the

generally supposed line of evolution H^^drozoa -> Scyphozoa
-> Anthozoa.

In addition to this there is one more complication in their

digestive systems. On one hand we can observe in cormi

that the digestive organs of zooids develop mutual communi-
cations; on the other hand, in medusae the tubes grew out

of the central part of their digestive system, thus out of the

"stomach," and this has finally led to the formation of a



164 THE EVOLUTION OF THE METAZOA

complete gastrovascular system. Since at the first glance similar

complications were also known to occur in Spongiae and

Ctenophora, the three animal types were united into the

group ofCoelenterata(Leuckart). In addition to this there deve-

loped the idea that the two principal body cavities (the intes-

tine and the coelom) which appear in the "more highly"

developed animal types, are in these animals mutually combin-

ed. This, however, has been proved to be wrong. It is almost

unbelievable how obstinately the idea has been preserved

according to which there should be a genetic relationship

between the intestinal cavity and the coelomic cavities (i.e.

the part of the coelomic cavities which surrounds the intestine

and which we have called a perigastrocoel); this has led to

the formulation of the so-called enterocoele theory w^hich is

doubtlessly wrong and w^hich has been the cause of numerous

controversies.

We have to make here a sharp distinction between three

facts ; first, between the digestive system of a single individual

and that of cormi. It is only in the cormi of Cnidaria that the

digestive organs of zooids that form a cormus are directly

connected into a uniform canal system. The connecting canals

(solenia, as they are frequently called) are impersonal, i.e. they

are purely the organs of the coimi. The conditions that exist

in the Spongiae are basically different from those that occur

in Cnidaria (the Ctenophora, on the other hand, do not form

cormi), and it is therefore clear that the Spongiae are completely

disassociated from Coelenterata and also from Eumetazoa.

Secondly, in the Cnidaria w^e must make a sharp distinction

between the digestive system of polyps—whether these be

primarily or secondarily solitary animals, or whether the

digestive system belongs to a zooid— and the "gastrovascular"

system of medusae. The peripheral part of the digestive system

of medusae with exception of the tentacular canals is a new^

formation and it has no homologue in the polyp. The principal

part of the gastrovascular system is not a continuation of

the peripheral part of the digestive canal of the anthopolyps.
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Thirdly, the digestive system of Ctenophora seems at the

first glance to resemble that of medusae; in reality, however,

it is quite different from the latter: and is, in our opinion, not

a new formation but rather a transformation of conditions

that had existed in their turbellarian ancestors, in Polycladida.

It has been repeatedly emphasized that Ctenophora are not

Coelenterata. The similarities that exist in their digestive

systems are due to the fact that both Cnidaria as well as Cteno-

phora come from Turbellaria whose intestine shows a charac-

teristic inclination to form diverticula or excrescences. The

roots of the two groups, however, are separate. It was quite

wrong when Haeckel tried to deduce the "gastrovascular con-

ditions" of Ctenophora from those that occur in the hydro-

medusa (anthomedusa) Ctenaria ctenophora. On the basis of this

wrong hypothesis we should assume that Turbellaria, as

descendants from Ctenophora, had inherited from the latter the

tendency of their intestine to form diverticula. In reality the

development went in just the opposite direction.

When we pass to the discussion of the digestive organs

of individual potyps of the Cnidaria (Fig. 32) we meet the gene-

rally accepted opinion that they followed a progressive Une

of development. If this were true, then it would be neces-

sary to consider both the ectodermal gullet (pharynx) as well

as sarcosepta as newly acquired complications. We must here

raise the question whether we are allowed to suppose that

the intestinal apparatus has been progressively developed in

individuals in spite of their consistently sedentary way of life

and the constant diminution of the size of the corm-forming

zooids? If we take into consideration our experiences with

other sessile animal groups we must straight away deny the

probability of such a supposition; we must do this especially

because this supposition is contradicted by our analyses of

other systems of organs.

The situation becomes much more clear if we reverse the in-

terpretation and if we derive the conditions that can be obser-

ved in the digestive organ of Anthozoa from those of

12
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Turbellaria. The two typical properties of this organ system in

Anthozoa, the ectodermal gullet and sarcosepta, had been inhe-

rited at least as primordia from their turbellarian ancestors.

This standpoint explains many facts which could not be under-

stood till now. Both the pharynx as well as the tendency to form

Fig. 32. Digestive systems of the three cnidarian polyps (A,

anthopolyp, B, scyphopolyp, C, hydropolyp); above longitudinal

sections, below, crossections (after Remane, somewhat altered).

variously shaped diverticula are properties that occur generally

in Turbellaria. The formation of a gullet is phylogenetically

even older than the tendency of the intestine to form diver-

ticula, because the former had been inherited by Turbellaria

from their protozoan ancestors, as we will try to prove later.

Among the Cnidaria we find a pharynx as an invagination

of the external body layer and of the muscles that surround

the oral opening only in the Anthozoa. Previously it was

quite generally believed that an ectodermal gullet was also
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found in Scyphozoa, and this lead Goette to unite the two

classes into one taxon of Scyphozoa. There were some zoo-

logists who were opposed to such a classification. I finally

succeeded in showing (Had^i, 1907) that there is no ectodermal

gullet in scyphopolyps, neither is there one in Scyphomedu-

sae (Heric, 1907), and this has now been generally accepted.

It seems that in the Anthozoa both a functional as well as

genetic correlation had been developed between the formation

of sarcosepta and the formation of the gullet so that they are

simultaneously subject to a progressive reduction when the

retrogression starts. We must atribute to the formation of

retractors in the taeniolae the fact that we can neverthless find

remainder of earlier richly developed septal apparatus in the

scyphopolyps. The formation of a gullet is extremely charac-

teristic of Turbellaria. Organs with a very complicated

structure have been developed in several directions from a

simple invagination of the skin around the oral opening

(pharynx simplex). Special names have been given to these or-

gans. The pharynx became protractile due to the formation of

circular folds so that finally it developed into an important

organ by means of which animals that adopted the vagile

and predatory way of life were able to catch their prey. This

gullet has been called an 'E.rgreiftmgsorgan (organ of gripping)

by Ludwig Graff de Pancsova, who came from the region

of present day Yugoslavia, formerly the leading expert in

Turbellaria (v. Graff, 1878: 199). This organ has been develop-

ed progressively, in the same w^ay as the hermaphroditic

copulation organ. It may not be superfluous to mention here

that the formation of a pharynx had been adopted by all the

numerous descendants from Turbellaria, either in its complex

form as a genuine muscular pharynx (e.g. in many classes of

Ameria), or in its reduced form as a stomodaeum. We can

find the stomodaeum everywhere up to the Chordata. This

stomodaeum has been preserved even in those animal types

which have entirely adopted the sessile way of life, as in

Endoprocta, among Ameria, and in nearly all Oligomeria

12*
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(it is in the Pogonophora and in the entoparasitic Acantho-

cephala that the stomodaeum together with the whole

digestive system has been lost). Not infrequently the gullet has

preserved its ability to protract, or if it had lost this ability,

it has been secondarily regained.

It is therefore not surprising to see that the Anthozoa, too,

had inherited their ectodermal gullet from their turbellarian

ancestors, and this in the form of a pharynx simplex. Here

I should like to call attention to some older observations which

previously did not appear so important, but whose importance

has been increased due to my interpretation. This is the use

of the gullet of anthopolyps as a gripping organ similarly as

observed in the Turbellaria. The first of such observations

were made, as it seems, by C. Claus (1864) in a pelagic larva

belonging to Actiniae (Claus believed that it resembled a cte-

nophore). Hertwig considered it to be a larva of Hdwardsia

which had a "protrusile stomach tube" ("ein vorstiilpbares Ma-
genrohr"). Young Halcampia that are ectoparasites and live as

such on medusae behave like Turbellaria and they are even

able to adopt their form. Carlgren (1904) reports about the

species Halcampogeton papillosus that it can evaginate its "actino-

pharynx." The pharynx has an active role also in other Antho-

zoa, especially in the adult individuals. According to the broth-

ers Hertwig (1879) gullet "fungiert als Magen, da in seinem

Inneren die von den Tentakeln ergriffenen und nach dem
Munde befordeten Thiere, kleine Mollusken und Crustacean,

langere Zeit verweilen und dem Verdauungsprocess unter-

worfen werden."

Cases have been known where the pharynx has been reduced

or even lost in Turbellaria in spite of the fact that in these it

has been progressively developed. Such a reduction or loss has

naturally taken place under the corresponding ecological and

biological circumstances.The parasitic Vorticidae show, accord-

ing to V. Graff (1882:181) a distinct inclination to reduce their

gullet; it has been known that during its adult state the ^2it2i-

siticFecampia does not possess a gullet.
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Quite generally we can reconstruct the history of the pha-

ryngeal tube as follows. The primitive Turbellaria (there are

such species even among the recent Turbellaria) do not yet

possess a constantly developed pharynx. Palmenia has, accord-

ing to Bresslau (1909), an oral opening in its surface through

which the animal can stretch its digestive plasmodium (a real

intestine has not yet been developed) in order to pick up

particles of food. There is no reason to doubt that these are

really the primitive conditions which had been inherited by the

acoelous Turbellaria from their supposed infusorial ancestors.

During the next higher stage in the evolution of Turbellaria,

the invagination of the skin at the oral opening took place

—with simultaneous active locomotion and macrophagia

—

this development took place also as early as in Infusoria; it

led afterw^ards to the development of a special protrusile

pharynx. The ability to form a gullet tube had been inherited

by Cnidaria, that is specifically the Anthozoa, from their

turbellarian ancestors. We are unable to determine the rela-

tionship between the structure of the present-day Anthozoan

pharynx, the primitive Anthozoan pharynx, and the primi-

tive Turbellarian pharynx. The pharynx had anyhow been

developed in the Anthozoa in a progressive and independent di-

rection, and that in connection with the evolution of the septal

apparatus. Even if there are at present whole families among
the recent primitive rhabdocoelous Turbellaria which have a

pharynx simplex (e.g. Catenulidae, Microstomidae), this does

not necessarily mean that the turbellarian ancestors of Antho-

zoa had only a pharynx simplex. The possibility must also be

taken into consideration that at best the present state could be

a result of a retrogressive development, especially in view of

the fact that the sessile way of life leads to a reduction of the

general organization.

In the Anthozoa a diversity can be observed in the subse-

quent destiny of their gullet tube (pharynx) ; whether it occurs

in solitary species which are capable, however slightly, of lo-

comotion, or in species which form cormi and which are
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attached to the bottom. In the first case, the evolution has fol-

lowed a somewhat progressive line even ifin a different direction

to the one that can be observed in Turbellaria. In the second

case, there was a strong retrogression which finally led to a

complete loss of the gullet. The form of the gullet tube changed

in accordance with the change ofthe form ofthe mouth (it is only

rarely that the round opening has been preserved) into an oblong

or oval opening which can be laterally or transversally closed.

It is not easy to determine which corner of the mouth is dorsal

and which is ventral. The two corners frequently continue in

a long tip w^hich extends deep into the interior of the body.

A well-known groove, the siphonoglyph or the sulcus, which

is densely covered with cilia, develops along one corner of the

mouth (called the "ventral" corner), and frequently also along

the two corners of the oral opening. Furthermore, a rich long-

itudinal folding can appear in this oral tube, a sphincter at

its lower end, and special, even if poorly developed, muscles

which usually extend in the longitudinal direction, a so-called

concha, etc. Polymerization can be observed, surprisingly

enough, in siphonoglyphs, this reminds us at least partly of the

polymerization of whole pharynxes of some planarian species.

A further complication appears due to the linkage of the

gullet tube with the proximal parts of sarcosepta. Because of

this, the gullet tube can reach deeply into the interior of the

animal's body. Parallel to the morphological changes, which

have led to a further specialization, physiological changes

also took place (e.g. respiration by means of a circulation

of water).

A reduction of the gullet tube appears as early as in Antho-

zoa; it is frequently a consequence of the formation of cormi

and, in connection with this, of a considerable diminution of

subindividuals, combined with microphagy. The gullet tube

becomes shorter and shorter, the siphonoglyphs and muscles

disappear, and finally there develops an oral cone which

surmounts the oral surface, as can be observed in some

Madreporaria of the solitary species Balanophjlia. In this way
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conditions had been prepared as early as in the Anthozoa which

have become generally characteristic of Scyphozoa and Hydro-

zoa. It is in agreement with the way of life and with the type

of feeding that the peristome evaginates into an oral cone, a de-

velopment which begins to prevail over the opposite trend,

i.e. over the invagination of the oral area.

The oral cone, as a process of the oral area, possesses a well-

developed muscle system (externally these muscles are placed

longitudinally, internally they are placed transversally) ; by

means of these muscles the oral cone is enabled to move in

all directions, as w^ell as to contract and to extend, always with

the oral opening at its top. The oral cone, or the manubrium

of medusae, develops again into a gripping organ; frequently

it can even take over the function of tentacles which makes

macrophagy possible and this can finally lead to a total

loss of tentacles. Not a single trace of an ectodermal gullet

can be found either in Scyphozoa or in the Hydrozoa. The

entoderm of the anterior intestine—which passes over into

an ectoderm exactly at the oral margin— is richly equipped

with gland cells which help swallowing and digestion.

It has already been mentioned that among the Cnidaria an

ectodermal gullet as well as true sarcosepta can be found in

Anthozoa only as special elements of their digestive system.

Neither the one nor the other of these two elements can be

found in the most primitive Turbellaria, even if both of them

can be found to a certain degree in a large number of Turbella-

ria. Certainly, we do not find here sarcosepta but rather a ge-

neral and distinct trend of their intestine to form diverticula.

The oldest fossilized Anthozoa possessed well developed sarco-

septa, even if these cannot be seen; the fact, howxver, that

they possessed sclerosepta w^hich alone could be fossilized is

a certain indication that they also possessed sarcosepta which

could not be preserved by fossilization. The supposed presence

of sarcosepta allows us to consider that these primitive

anthopolyps had already had a pharynx. The supposed transi-

tion from Turbellaria— with intestinal diverticula— to antho-
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polyps with primitive forms that do not yet deserve the name
of sarcosepta but which resemble rather some longitudinal

folds, apparently took place in the period when no mineralized

skeletons had yet been developed; we can therefore not ex-

pect that we will ever be able to find such transitional fossils.

This makes it necessary for us to resort to a reconstruction.

We can see considerable differences between the two forms

when wx compare sarcosepta such as they occur now in

Anthozoa with the intestinal diverticula of Turbellaria. These

differences seem to support the old interpretation of the evolu-

tion of Cnidaria, and they have actually been used by those who
adhere to the old interpretation in their critiques of my nevv^

thesis. This new thesis, however, becomes clearer if we make
a detailed comparison, taking simultaneously into considera-

tion the radical change in the way of life, i.e. the transition from

creeping movements to the sessile way of life, and the erection

of the body. By means of this new^ interpretation many things

can now be explained which could not be explained on the

basis of the old theory.

The tendency of the intestine to form folds that finally leads

to the formation of excrescences— the diverticula— which is so

generally prevalent among Turbellaria (with the exception of

the primitive groups of Acoela and the majority of Rhabdo-
coela) must be considered as the starting point for the deve-

lopment of sarcosepta w^hich are characteristic of Anthozoa.

Here we will first study that part of this tendency which is

connected with the formation of excrescences of the body skin

at the anterior end of a somewhat cephalized body. This ten-

dency is not so marked in Turbellaria as it is in Cnidaria. We
meet here the case of the Ctenophora which we derive from
the pelagic larvae of Polycladida, obviously from such where

no intestinal diverticula had yet grown into the pair of tentacles.

This has led to one of the most conspicuous differences that

exist between Cnidaria and Ctenophora. We must suppose that

the ancestors of Cnidaria had already developed the ten-

tacular diverticula, and this is the reason why this property
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has become a general and unexceptional characteristic of Cni-

daria. The polymerization did not remain limited to the ten-

tacles only, it was also extended to the intestinal diverticula.

The only change which took place in these intestinal diverti-

cula of tentacles was a secondary obliteration of the lumen of

these diverticula; as a consequence of this change the axis of

tentacles became solid and the function of the diverticulum

changed. It has now^ been developed into a supporting organ

whose function has become more mechanical. This develop-

ment has not occured, as it seems, even in single cases in the

Anthozoa: their tentacles are always hollow, i.e. the lumen

of the diverticula of these tentacles has been preserved as a part

of the so-called gastrovascular system. It is only in Scyphozoa,

and even more so in Hydrozoa, that the cavities of the intes-

tinal diverticula of tentacles have become obliterated.

In this connection, I cannot silently pass the fact that this

morpho-physiological specialization of the intestinal excres-

cences, which were originally hollow in order to make possible

the distribution of the fluid food, into solid organs with a pure-

ly mechanical function can be repeatedly observed in the

phylogeny of Metazoa (Fig. 33). Here I must limit myself

to a few remarks only. Even among the Cnidaria we can find,

besides the solid entodermal axes of tentacles, a case inTubula-

ridae, among Hydrozoa, where a cushion in the form of a circlet

and consisting of vacuoUzed entodermal cells had been deve-

loped around the stomach. Other cases have been described in

connection with the Turbellaria. I wdsh particularly to mention

here the so-called Hemichordata (Enteropneusta and Pterobranchia)

with their "bucal diverticulm," and finally the chorda dorsalis

which has given its name to the whole highest phylum,

to Chordata. These are certainly not homologous forms in the

strict sense of the classical comparative anatomy; they are,

nevertheless, parallel organs. We have here a morphogenetic

inclination of the intestinal tube locally to take over functions

which are not connected with the digestion; this has finally

led to the formation of new organs.
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When we now pass to the discussion which has taken place

within the field of the comparative morphology about the intes-

tinal tube itself, we have first to state that according to the old,

and now prevalent, interpretation there can be no homology

between the intestinal diverticula of Turbellaria and the sarco-

septa of Anthozoa and Scyphozoa. The intestinal tube ofhydro

-

polyps has a smooth cylindrical form. A new complication,

i.e. four simple sarcosepta or longitudinal folds of the intes-

tine, does not develop earlier than in scyphopolyps (these are

usually considered as larvae or young forms of Scyphomedusae).

According to Goette, these four sarcosepta have been deve-

loped in such a way that there first appeared two intestinal

pouches situated one against the other w^hich were follow^ed

by another transverse pair; four taeniolae which disappear

downwards were developed between these pouches. In the

higher level, i.e. Anthozoa, sarcosepta with a complex

structure are formed by way of polymerization with a simul-

taneous formation of a gullet tube. These sarcosepta are

usually depicted, quite statically, under the influence of what

we see when we make a transverse section through the body

of an anthopolyp, as septa which extend longitudinally into

the gastral space. W. Kiikenthal, an expert in anthopolyps,

does not mention, surprisingly enough, "mesenteries" in his

general characterization of Anthozoa which was published in

the extensive Handhuch der Zoologie (1924:688) in the addi-

tional characterization, however, he reports as follows, "Der

Gastralraum des Korallenpolypen wird durch Langscheide-

wande, die vom Maueblatt nach innen vorspringen, in eine

Anzahl peripharer Kammern und einen gemeinsamen zent-

ralen Teil zerlegt." In the same work the following definition

of sarcosepta has been made by F. Pax (1924:783), "Die Mesen-

terien (Sarcosepten) sind bindegewebliche, an ihrer Aussenseite

hauptsachlich mit Entoderm bekleidete Stiitzlamellen, die von

der Korperwand gegen den Gastralraum radiar vorspringen."

The supporting lamellae are, according to this definition, the

most important part of sarcosepta. The characterization of
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sarcosepta that occur in scypho- and anthopolyps as longitudi-

nal folds of the "D^r////?/^//" (intestinal layer) is not so frequent;

it was made, by Grobben and Kiihn in the well known
Lebrh/cb derZoo/ogie (1932:461), "DieSepten. . . sind senkrechte

von der Seitenwand, der Fuss- und Mundscheibe entspringen-

den Falten des Darmes. .
." A. Kastner, in the recent ''Lehr-

huch der spe^^iellen Zoologie,^"* avoids defining the sarcosepta

of Anthozoa; he mentions, however, in connection with scy-

phopolyps, four folds of the entodermal wall which are direct-

ed centralwards (1954:109). Hyman, in her Manual of the

Zoology of Jnvertebrata (1954:367), tries to combine the two

standpoints and writes as follows, "Primitively consisting of

a simple tube, the digestive system displays through the phy-

lum a tendency to complication by putting out branches and

pockets and in the Scyphozoa and Anthozoa is divided into

compartments by gastrodermal-mesogloeal projections."

The septa of scyphopolyps (earlier they were frequently

called taeniolae) were previously considered by zoologists

as homologous to the sarcosepta of Anthozoa; these were

previously called mesenteries, in spite of the fact that

the conditions that can be found in scyphopolyps give

the impression of longitudinal folds which are developed due

to the formation of peripheral sacks. On the other hand, there

was nobody who thought of a possible homology of these

septa, together with the intestinal pockets that occur between

them, with the intestinal diverticula of Turbellaria. It was con-

sidered that the two forms had been developed quite inde-

pendently from each other. There is not yet a distinct intestinal

tube in Acoela, in Rhabdocoela this tube is smooth, approxi-

mately as it is in hydropolyps, and it is only in the "higher"

Turbellaria (Polycladida, Tricladida, etc., according to the old

system) that, a gastrovascular system has been developed which

becomes increasingly complex, w^hose ramifications can finally

develop into a whole net, similar to that observed in some

Ctenophora. It was therefore quite impossible to believe

that Cnidaria could be deduced from Turbellaria, or vice versa.
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When finally the idea has been given up, quite correctly, by

modern experts in Turbellaria to derive the Turbellaria from

the Cnidaria by way of Ctenophora, they have endeavoured,

together with von Graff, to go back to some common planuloid

ancestors and wait cautiously until the last word of the origin

of Cnidaria w^as said by the experts in Cnidaria.

Here the question appears of what the anthozoan sarcosepta

actually are if we take into consideration their origin? What

is their function? How do they appear if compared with the

intestinal diverticula of Turbellaria, as well as of Ctenophora ?

We can get a clear idea if we study the morphogeny of

sarcosepta during ontogeny. Sarcosepta have developed due

to a longitudinal folding of the intestinal tube. We can say

that the first active step (similarly as in the formation

of the Anlagen of radial canals in the buds of Hydromedusae)

is made by the wall of the intestine by way of a stripe-like allo-

metry. During the next step the mesenchyme (mesogloea) grows

into the longitudinal folds in the interstices between these folds;

thus from the periphery and towards the centre, while at the

same time the growth of the longitudinal folds goes in the

opposite direction. We can therefore say that sarcosepta as

fully developed forms have been evolved due to a longitudinal

folding of the intestinal tube. This longitudinal folding is, from

the physiological standpoint, in reality the same thing as the

formation of diverticula by the intestine of Turbellaria; both

represent an increase of the internal digestive surface of the

entodermal epithelium and they both make possible the trans-

portation of the fluid food to the periphery of a body whose

size has been increased. A connective tissue (mesohyl) grows

between these diverticula and the longitudinal folds; gonads

and muscular fibres are later transplaced into it.

At the first glance it does not seem to be important whether

in connection with the formation of sarcosepta we speak about

longitudinal folds, or about an ingrowth of septa. This diffe-

rence, however, is fundamental. It is the effect only, the final

static state, which are similar.
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We must again emphasize that old as well as the modern
embryologists who have studied the ontogeny of Anthozoa and

of scyphopolyps agree that sarcosepta (frequently these have

been less fortunately called mesenteries) develop by way of

a longitudinal folding of the intestinal wall. Kowalevsky (1873)

already had established this and he made fine illustrations of it.

Korschelt and Heider (1936:198) described this process in

their large 'Lehrbuch der Embryologie derAvertehrata, "Die Mesen-

terialsepten entstehen an der Wand als Langsfalten des Ento-

derms." In Actiniaria, as a rule, the first pair of sarcosepta which

shows a strictly bilaterally symmetric distribution develops

in this w^ay. L. Faurot (1913:283) is right when he speaks

of "deux plissements entodermiques." In scyphopolyps this

process has been described as a formation of the peripheral

pockets of the intestine; and this has actually the same mean-

ing. This formation of folds starts regularly closer to the oral

pole and develops in the direction of the lower end of the

body until it finally more or less disappears.

Even if it is admitted by those who criticize the interpretation

which derives Anthozoa from Turbellaria that the sarcosepta

are a result of a longitudinal folding of the intestinal wall (e.g.,

Luther in lit.), there still remains a great difference from the

conditions that can be found inTurbellaria. In theTurbellaria we
do not have, they state, septa or a longitudinal folding but ra-

ther the formation of intestinal diverticula. These are placed

transversally to the longitudinal axis of these animals and they

follow each other bilaterally. This objection is certainly true.

It is true that in the more or less flattened and bilaterally sym-

metrical Turbellaria the intestinal diverticula appear, as a rule,

as excrescences that are placed transversally to the longitudi-

nal axis of the animal, they are therefore on the right and on

the left sides of the intestinal tube, and not around the intestine

as this is the case with the cylindric Actiniae which stand erect.

If we tried to derive by all means (which would be certainly

wrong) one extreme case, an Actinia with its numerous partly

perfect and partly imperfect sarcosepta which appear in a bi-
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symmetric distribution, out of another extreme case, e.g. out

of a polyclad turbellarian, whose body is maximally flattened

and extended with a possibly large number of diverticula or

which can even form a net of digestive canals we would

have to accept, first, that diverticula had grown additionally

in other transversal directions and not only on the right and

left sides, and, secondly, that diverticula grew together which

appeared successively in lines parallel to the intestine, and

that this has finally led to the formation of longitudinal sarco-

septa. The first possibility is not only probable; it actually

takes place even if to slight degree and only in such species

which are not flattened but show^ instead in their transverse

sections the form of a square, and which possess four or

even more (instead of two) longitudinal series of intestinal

diverticula (e.g. the polyclad species Thysanoplana indica Plehn

and Pseudocerops periphaeus Bock). The second possibility is

theoretically probable, but it has not been supported by

observations and we will therefore prefer not to take this pos-

sibility into consideration.

We will rather consider it more probable that in Anthozoa,

the formation of sarcosepta had been newly developed by

them; yet this formation goes back to a general tendency

of the intestine to form excrescences, diverticula, and folds.

This tendency had been inherited by the Cnidaria from

their turbellarian ancestors and it has finally led to the

formation of the gastrovascular system. The formation of lon-

gitudinal folds agrees better than the formation of diverticula

(which has been preserved in the development of the circlet

of tentacles!) with the transition to the polyp form which

stands erect and whose size has been constantly increased. It

should be mentioned here that the progressive development

of subtypes of Actiniaria led to the formation of species which

have remained soHtary and w^hose size can be considered as

comparatively very large (up to 1 m in diameter). Sarcosepta

have evolved both quantitatively (under the influence of poly-

merization) as w^ell as qualitatively (differentiation) in those
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groups of Anthozoa which have remained solitary animals.

The subsequent evolution took a retrogressive direction after

they had passed over to cormogony, a simultaneous decrease

of the size of individual zooids and, in connection with this,

of the internal surfaces.

I think it useless to discuss whether the intestinal diverticula

of Turbellaria be homologous or homotypic to the intestinal

pockets of Anthozoa that can be found between their sarco-

septa. It is certain, however, that both these forms are due

to a tendency of these animals to increase the digestive or

resorptive surface of their intestinal tubes; these forms diverged

in their evolution w^hich in these animals also pursued different

directions: on one hand we have (in Turbellaria) a flattened

form of an animal which creeps over the ground, and on the

other hand (solitary anthopolyps) a cylindric form which

stands erect and which can move actively only slightly,

or not at all.

On the other hand, we can find that even in Turbellaria an

inclination to develop longitudinal folds in their intestinal

tubes is not completely unknown to them. What other than

a longitudinal folding can finally be the forked form of that

part of the intestine of Tricladida w^hich can be observed in

the posterior half of their body? One could expect, if more

extensive investigations had been made in this respect, that

the formation of such longitudinal folds could be found even

more frequently in small species of Turbellaria whose trans-

verse sections show a rounded-offform. It would be permissible,

I think, to classify the longitudinal folds and herewith the septal

apparatus under the notion of the intestinal diverticule and

also the terminal diverticula (prochorda) as well as the chorda

dorsalis. The fact is not without a significance that during the

transition from anthopolyp to scyphopolyp the sarcosepta which

had been reduced into taeniolae had clearly obtained the form

of longitudinal folds. It should be added that the wrong in-

terpretation of the true nature of sarcosepta is partly due to

the fact that sclerosepta, w^hich are externally similar to sarco-
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septa, really grow from the outside inwards. Yet these two
forms are two completely different things if viewed from the

standpoint of the comparative morphology, as well as that of

physiology. In both cases, in Turbellaria as well as in Cnidaria,

a vascularization of the periphery takes place by means of

which fluid food can be brought to any part of body. The
experts in Turbellaria are inclined to accept such an interpreta-

tion. The middle layer contains powerful strings of muscular

tissue; some experts in Turbellaria, particularly O. Steinbock

(1924:495-502), think that these strings of muscles that usually

extend dorsoventrally have a major role in the formation of

intestinal lobes and of intestinal diverticula, much as the sex

apparatus dominates the middle part of the posterior half of

the body. Yet the tendancy of the intestine to form diverticula

is not mentioned in this connection. I beUeve it probable that

here the intestinal waU has an active role, pressing forward

the diverticula into the tentacles as can be observed in some

species, or into some other excrescences, as can be obser-

ved in the species belonging to the genus Thjsano^^oon. It is pos-

sible that the strings of muscles that extend in the dorsoventral

direction were developed later or almost simultaneously with

the formation of diverticula. Obviously, we have to distinguish

between the formation of limbs and intestinal diverticula.

A progressive trend can be observed in the evolution

of sarcosepta in the primarily solitary anthopolyps. A strong,

locally developed system of longitudinal muscles has been

developed in their interior; these muscles can be observed in

transverse sections as the well-known flags of muscles. Be-

sides these muscles other, weaker, muscular systems have also

been developed which extend in other directions. Gonads are

transferred into the mesenchyme of sarcosepta (frequently

into certain pairs of septa only) which has influenced scholars

so that they have begun to speak about entodermal gonads

(Endocarpa), similarly as in the Ctenophora: gonads, however,

should not be attributed to any body layer. A special histolo-

gic-cytological differentiation took place in the free margins of

13
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sarcosepta which protrude into the gastrovascular space. These

free margins have become thickened (in a transverse section

they appear completely round), and in the epithelium we find

not only gland cells but also cnidae. The curled margins can

grow locally into long filaments which can be pressed into the

free water through special openings that develop in the body

wall (cynclidae) to be used there as weapons (acontia).

The transition to cormogony (the formation of colonies),

connected w ith the decrease of the size of the polyp individual

has led to a reduction of sarcosepta. This reduction was both

quantitative (the reduction and simultaneously the fixation of

the number of sarcosepta to six or eight), as well as qualitative

(small acontia, few^er filaments, etc.). In the skeleton forming

Madreporaria, the digestive surface has been secondarily in-

creased by means of sclerosepta which grow from below into

the gastral space. This reduction is coordinated with the re-

duction of the gullet pharynx tube. Sarcosepta are not present

at all in the solenia of corm-forming species and here we there-

fore have the opportunity to observe all possible transitions

in one and the same object, from a typically anthozoan in-

testinal tube, to the kind that can be found in Scyphozoa, and

finally to a perfectly smooth intestinal tube, a state that has

been reached in Hydrozoa.

The reduction of the septal apparatus has gone even further

in scyphopolyps, parallel to the decrease of their size and to

their sessile way of life. In this way this reduction can now be

understood. The number of strongly diminished and cytologi-

cally simplified sarcosepta (they are also called taeniolae) has

been reduced to the possible minimum, i.e. to four, in an

increasingly developed radial symmetry. If we take the old

view of a progressive evolution along the line Hydrozoa ->

Scyphozoa -> Anthozoa, we find it impossible to explain how
the sessile polyp of Cnidaria could suddenly begin to form

sarcosepta. This situation becomes even more difficult to

understand if we deny to the scyphopolyp the character of

a special generation, as was done by Hyman.
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It will be easier to understand the actual conditions if we
begin our comparison of anthopolyps and scyphopolyps with

such forms as Antipatharia among Anthozoa, and with Nausi-

tho'e whose polyp generation has been described under the

name Stephanoscyphus or Spongicola. The polyp generation of

Naiisithoe (probably also of several other genera) forms genuine

cormi (colonies) and an organic exoskeleton (periderm). There

are four sarcosepta only which are richly equipped with fila-

ments, and a large quantity of longitudinal strings of mus-

cular tissue (they were called taeniolae by Komai) which occur

under the skin in the wall layer. Gonads appear in the sarco-

septa of the scyphopolyp of Nausitho'e, a phenomenon which

cannot be observed in a typical scyphystoma (a completely

unnecessary name); this has been partly the cause of the errone-

ous interpretation that we have here a medusa larva, even if

gonads do not come to their sexual maturity in it, but only

later in the medusoid generation which in Scyphozoa takes

over the sexual function.

Nobody can, in view of all these facts, doubt the homology

between the sarcosepta of Anthozoa and the so-called taeniolae

of scyphopolyps. We must only give up the supposition

that sarcosepta had been developed from taeniolae. In the

ontogeny of scyphopolyps we can observe even more clearly

than in the ontogeny of anthopolyps, the development of

sarcosepta as longitudinal folds or excrescences of the "sto-

mach pockets." This is actually the same as the formation of

intestinal diverticula. In the literature (Goette) we can even

find data w^hich show that there is first one pair of such

intestinal diverticula, so that for a short time bisymmetry

prevails, just as in the ontogenies of Actiniae.

One of the greatest differences between the sarcosepta of

anthopolyps and of scyphopolyps can be found in their muscle

systems. It is an important and unexplainable difference for

those who adhere to the outdated and erroneous gastraea

theory and to the theory of two body layers that are separated

from each other by a Chinese Wall, when in Anthozoa the flag

13*
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shaped strings of muscles that can be observed in the sarco-

septa have developed from entoderm, while the muscles

of the taeniolae of scyphopolyps have developed from

the ectoderm. A similar situation can also be found in connec-

tion with gonads (endocarpous-ectocarpous). As a matter of

fact, however, this is not a fundamental difference. Neither

the muscle fibres nor the sex cells should be considered as

entodermal or ectodermal, even if they appear one time as

appendages of the skin epithelium, and at another time as

those of the intestinal epithelium. It should be added that in

the large and certainly primarily solitary Cerianthidae no con-

centration of longitudinal muscle fibres into flags can be ob-

served (cf. brothers Hertwig, 1879:117). Longitudinal muscles

appear under the skin in the body wall; muscle fibres that

extend somewhat transversally can be found in the proximal

parts of their numerous sarcosepta, and it is only in the thick-

ened free ends of sarcosepta where stronger strings of longi-

tudinal muscles appear. With regard to the latter it could be

stated that they are in all probability "ectodermal" in their

origin because it is supposed that the ectodermal tissue sinks

downwards from the intestinal tube along the free ends of

sarcosepta. We find, conspicuously enough, in Cerianthis and

in the polyp of Nausitho'e a tendency of the free ends of

their septa to fork when they grow into filaments.

The strings of longitudinal muscles of antho- and scypho-

polyps were in all probability even better developed in the

now extinct Tetracorallia (e.g. in Calceola); they helped the

animal to retract.

Here may be the right place to try to get a clear under-

standing of the tact that a strong tendency to tetramerous

radial symmetry can be observed quite generally in the

interior (and partly also in the exterior) of Cnidaria, and

particularly in Scyphozoa and in Hydrozoa. First I wish to

emphasize that this is not a general characteristic of sessile

animals as such. There is, to give an example, a pentamerous

radial symmetry in Echinodermata which had certainly evolved
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from some sessile ancestors; this pentamerous symmetry, how-
ever, is not a property which occurs 100 per cent in all Echino-

dermata; neither is the tetramerous radial symmetry such a

property in Cnidaria.

Among the recent Cnidaria the tetramerous radial symmetry

can be found especially strongly developed in Scyphozoa and

in Hydrozoa, both in their polyp as well as in their medusa
forms. It is least developed in Anthozoa. This could lead us

to a conclusion, if we accept the view that the evolution took

the course Anthozoa -> Scyphozoa —> Hydrozoa, that this in-

clination to the tetramerous radial symmetry had not been

developed earlier than during the phylogeny of Cnidaria. On
the other hand, if we consider the opposite interpretation to

be true we are obliged to accept that in Hydrozoa the tetra-

radial symmetry had been developed for an unknown reason,

and that it had been inherited from them by Scyphozoa. We
will not find this problem so simple if we accept the

interpretation which sees in Anthozoa the most primitive

Cnidaria, yet the problem is still such that it can be rationally

solved.

No recent subgroup of Anthozoa with a tetramerous radial

symmetry has been known. Neither can such a group be found

among the fossil species, even if one large subgroup which
is now extinct bears the name Tetracorallia or Rugosa (palaeo-

zoologists prefer now to call this subgroup Pterocorallia).

The number four does not refer here to the individual

scelerosepta, but rather to their groups (see Fig. 10). All this

is due to the fact that those forms only have been preserved

as fossils whose bodies had already reached a considerable

degree of specialization and a well-developed set of

sclerosepta. This state (which was reached during the Ordo-
vician) was preceded by a long evolution, when anthopolyps

did not yet possess a calcareous skeleton and when in all

probability they still continued to live as mainly solitary ani-

mals. Stages can be observed in the ontogenies of both extinct

as well as of the still living Anthozoa which are equipped
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with the first four septa. This can rightly be considered as a

recapitulation of a state reached in their ancestors.

The supposition that the primary tetraradial symmetry repre-

sents the first stage reached in the transition from a creeping

way of life with an explicit bilateral symmetry, is justified in

view of the fact that during such a transition it is first the

difference between the ventral and dorsal sides which dis-

appears, and, in connection with this, the difference between

the tw^o lateral sides and the median sides. In this way a natu-

ral basis, or precondition, has been developed, wx may say, for

the formation of the tetraradial (as the first possible) symmetry.

Soon the polymerization of the so-called antimeres took place

in anthopolyps which have grown larger and larger, and which

have become more and more sessile and solitary animals. This

led to a polymerous radial symmetry with clear traces of a

primary bilateral symmetry. This was followed by the for-

mation of cormi and, in connection with this, by a secondary

diminution of the polypoid individuals; oligomerization finally

occured as a consequence of this development, so that ulti-

mately the hexa- and octo-merous states have been developed

in Anthozoa. Simultaneous with the disappearance of the

tendency to the old bilateral symmetry and with the decrease

of the size of polyps wxnt the reduction until the number of

antimeres was reduced to four and a complete radial sym-

metry has been developed. It can be easily understood that

this reduction of the polymerous parts was least effective in' the

tentacles; it is even possible that the number of tentacles has

been considerably increased as can be seen in the case of the

Naiisithoe polyp among Scyphozoa, and in numerous other

instances among hydropolyps that had inherited their tendency

to tetraradial symmetry from their scyphozoic ancestors.

When we pass over to hydropolyps we must first state that

in these the last trace of a formation of sarcosepta has dis-

appeared while simultaneously their size has been further

decreased. Not infrequently we can find in the oral part of the
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hydranth a contour ot the surface of the intestinal epithelium

which resembles that of folds; this is not, however, due to a

genuine formation of folds but rather to the tact that epi-

thelium cells grow in unequal lengths which leads to the

formation of longitudinal stripes. The last traces ot the former

longitudinal folds can be found in buds and occasionally in

the fully developed hydranths (see Fig. 34 with the transverse

sections ot the hydranth oiClava squamata and of the manubrium

Fig. 34. Transverse sections of the oral region of two hydrozoans

to demonstrate the false gutfolds. A, Hebella parasitica. B, medusa
of Obelia sp. (after Hadzi).

of an Ohelia sp.). We think it unimportant whether there is a

participation of the mesenchyme in these last traces of longi-

tudinal folds or not. On the other hand, the intestinal diverti-

cula which had grown into tentacles have been preserved till

the very end, regardless of whether these tentacles have re-

mained hollow or whether they have become secondarily solid

as can be observed in scyphopolyps and very frequently in

hydroids.

It is interesting to observe the behaviour of the gastral

cavity during the period when Scyphozoa began to form

medusae, and the later similar development which took place

in Hydrozoa independently from the former. We can immedi-

ately state that this development has led to conditions that



188 THE EVOLUTION OF THE METAZOA

resemble closely those that can be observed in Turbellaria and

in Ctenophora that have become more and more flat and large,

i.e. to the formation of a richly branched system of peripheral

pockets and canals which correspond to the general (here

medusoid) form of a spheric calotte. A basis for this can be

found in the conditions that occur in the corresponding polyp

forms. The conditions in the primitive scyphomedusae whose

height is greater than their width (e.g. in Cubomedusae) are

still very primitive; they are similar to those that exist in

scyphopolyps. In these no canals can yet be found, and in

particular there is no circular canal along the periphery of

their umbrellas. Their central part (stomach) is connected with

the gastral pockets by way of four ostia; these are separated

from each other b y four broad septa and they do not yet contain a

funnel-shaped cavity. The gonads grow out ot the bases of

septa into the cavities of the gastral pockets. The peripheral

gastral cavities have been developed later, after a further flat-

tening and extension of the umbrella; they are due either to

a further growth of the intestine, or to the fact that the two

gastral walls have grown together locally. There are frequently

whole bunches of septal filaments growing into the gastral

cavity in those places where septa (taeniolae) had been reduced.

It is unnecessary to discuss further details here.

Additional complications appear in the oral lobes of the

most highly developed scyphomedusae (Rhizostomae); in these

the original oral openings have grown together while at the

same time "suctorial mouths" have been formed at the very

numerous fringes of the oral lobes. The intestinal diverticula

of tentacles that have become solid in scyphopolyps (as has

already been mentioned) can again become hollow in scypho-

medusae, or they can completely disappear together with the

tentacles while at the same time their function is taken over

by the excrescences of the oral lobes. All this development

took place while microphagy was strongly advanced. Because

of the complications of their gastrovascular system, scypho-

medusae have been enabled to grow to considerable dimensions
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and overshadow the polyp generation as a whole so that the

latter frequently gives the impression that it were a larval

form only.

It is easy, after everything we have learned about the intesti-

nal system of scyphomedusae, to understand correctly this

system as it occurs in hydromedusae. Since there are no sarco-

septa in Hydrozoa, there is also no division of their intestine

into a central part, the stomach, and into the four gastral

pockets. Attempts weremade earlier to find something similar in

the formation of the medusa buds. This has been an important

contribution made by Goette (1907) whose suggestion has been

supported by Hadzi (1909) and by Kiihn (1914). He dis-

proved the older interpretation of the development of the

medusae buds in Hydrozoa. The intestinal diverticula of tenta-

cles represent the starting point for the formation of the

peripheric gastrovascular system of hydromedusae, a situation

which is quite different from the one we have found in scypho-

medusae. These diverticula have become elongated when the

cup-shaped part has been extended, thus when the umbrella

has been developed. This has led to the development of the

radial canals. Also here, as in Scyphozoa, the basic number of

these diverticula has been four. An additional circular canal

has been developed due to the tendency of their intestine

to form diverticular This has finally, even if not generally, led

to a secondary polymerization of these canals which especially

took place in larger species either by way of a centrifugal

growth of these canals from the stomach, or to a centripetal

growth of these canals from the circular canal (in some Tra-

chylinae, etc.).

As a conclusion, we can state that the changes of the digestive

system of Cnidaria can be perfectly well understood if viewed

from our standpoint: in polyps which have become sessile

animals, a simplification ot this system can be observed so that

only a smooth intestinal wall has been preserved, while at the

same time only the intestinal diverticula ot tentacles have per-

sisted. In the medusa form which has become secondarily free,.
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the intestine has been progressively developed into a rich

system of pockets and canals which corresponds to the change

of the whole form and to the increased size of their bodies. We
have here generally a further development of the intestinal

system such as had been evolved in their turbellarian an-

cestors.

The Skin and Cnidae

The skin of Cnidaria together with their characteristic cnidae,

which have given their name to Cnidaria, oflFer facts which

convincingly support our thesis of the origin of Cnidaria from

the Turbellaria and, as a consequence of this, of the evolution

in the direction Anthozoa -^ Scyphozoa -> Hydrozoa. It really

is suprising how^ it has been possible for these facts to have

been overlooked for so long. This attitude, which one is hard-

ly able to understand, can be partly attributed to an almost

hypnotic influence of Haeckel's gastraea theory and to the

authority of Haeckel. Quite similar is the situation about the

lore of the germ layers and with everything that is con-

nected with it.

Cnidae have in their evolution reached their climax in Cni-

daria. No species of Cnidaria has been know'n which does not

possess cnidae distinctive of this same species. Their si^e, form,

organization, and the way they are distributed, as well

as the different places where they are developed and used, are

frequently characteristic of various taxons of Cnidaria. Attempts

have been made to solve taxonomic problems connected with

Cnidaria on the basis of conditions that can be found in their

cnidae. It is well know-n, however, that Cnidaria are not the

only animal group which produce cnidae.

When w^e speak about cnidae, we must first know^ what a

cnida actually is. The most highly developed cnidae are w- onder-

ful products of very specialized individual cells of skin gland

cells. Their secretion becomes partly solid (the capsule, and

the long thin tube w^hich represents a continuation of the
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elastic capsule), and partly remains a viscous fluid (within the

capsule) ; it can gush powerfully out of the cnida and it produ-

ces physiological effects. The cell itself can mostly be found

in the ectoderm and does not actually belong to it but rather

to the middle layer (mesohyl or mesenchyme); it is amoeboid

and it can function once only. The cell itself (the cnidoblast or

nematoblast) as the producer of the cnida is destroyed when

this cnida is used in the explosion.

If we disregard the few and therefore very interesting cases

of the so-called kleptocnidae, where a predatory species takes

over and uses those weapons of its prey which had not yet

been used, we find that there are several animal types w^hich

are able to produce either genuine cnidae or some closely

similar forms (gland cells with a partly formed secretion). Is

it a pure coincidence that it is only in Turbellaria that such

forms are produced quite generally and in large quantities,

in spite of the fact that they have remained on a lower level

in their organization and in their phylesis? This again can be

easily understood in view of the fact that Turbellaria have

remained freely moving animals while Cnidaria have adopted

the sessile w^ay of life. It has not yet been clarified whether

Nemertinea possess their own cnidae. The fact, however, seems

to be much more important that even among Protozoa species

or even larger taxons can be found which produce either

genuine cnidae or forms which resemble closely a cnida (cni-

doid). Cnidaria can therefore not be considered as animals

v/hich have "invented" cnidae or which alone can be found

in the possession of cnidae.

Before we begin to study in detail the problem of cnidae,

let us first make a critical and comparative study of the skin.

Similarly, as the Cnidaria owe their name to cnidae, the Turbel-

laria have been so named because of the tiny water current pro-

duced by the ciliate cover of their skin. The surface of their skin

remains bare due to this ciliate cover, by means of which the

animal is able to move actively, in the same way as in Ciliata
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(Euciliata) among Protozoa; this property had obviously been

inherited by Turbellaria from the latter. This same property

has afterwards been inherited from Turbellaria by their nume-

rous descendants among Ameria that live a normal, i.e. a free

(and not a parasitic) life. It has even passed on (with few ex-

ceptions that can be easily explained) to the Polymeria and

Oligomeria and up to Chordata, even if here it has been pre-

served locally only and in the interior of their bodies, parti-

cularly during the transition from a wet to a dry environment.

It may not be out of place to mention that the active or-

ganelles of cells that could practically be called undulipodia

appear phylogenetically first as single (per individual) flagella

which are later developed by way of polymerization into nu-

merous cilia; subsequently they can readopt, by way of oligo-

merization, the form of flagella. The possibility must also be

taken into consideration that such an ability to form un-

dulipodia which had been phylogenetically lost (by way of a

minus mutation) can again be restored (by way of a plus

mutation), perhaps with the limitation that not too long a

period had passed from the time of the minus mutation.

Such minus mutations have also taken place in Turbellaria;

they have been supported by the natural selection when the

mechanism used for the movements develops in their muscular

system due to a change in their way of life. In this case, the

epidermal cells cease to form cilia and begin to develop a

protective organic cover, the cuticle. Among Turbellaria this

has been above all the case in Temnocephala. These are Tur-

bellaria that live as epizoic or even as ectoparasitic animals;

they are able to move easily (Matjasic, 1959) and they closely

resemble Trematoda so that some scholars have even included

them among Trematoda. The ciliation of the body surface

has been completely lost in Trematoda and in Cestoda that have

certainly developed from Turbellaria.

The ciliation of the body surface has been preserved in all

small animals that move freely in water. All the young (larval)

freely moving stages of Cnidaria are covered with cilia. There
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are few specialized cases only that appear here as exceptions.

Thus planulae of Lucernariidae immediately begin to creep

over the substratum after they had abandoned their eggs

(Fig. 35). No cilia can again be found in young Hydrae

which become free during a very advanced state, etc. The

primary larvae which live in water (in opposition to the secon-

Fig. 35. Hatching planula of l^iicernaria sp. (without ciliature).

(After Wietfzykowski.)

dary larvae which become free during a much older onto-

genetic state) move by means of cilia, regardless of the phylum

the adult form belongs to (the branchiostoma larvae). Even

in the ciliation we can observe the w^orking of the general rule

that polymerization is followed by an oligomerization with

a differentiation, here in the form of localizations, formations

of bunches of cilia, circlets of cilia, etc.

In Cnidaria we can expect a priori a reduction of the general

ciliation due to their transition to a sessile way of life, and
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such a reduction has actually taken place. It is in agreement

with our interpretation of the evolution of Cnidaria that this

ciUation is best preserved in those Antho?:oa which have re-

mained solitary animals, i.e. in Actiniaria and in Ceriantharia.

In those species that have become purely sessile and colonial

animals, as well as in other sedentary animal types, the external

ciliation has been limited more or less to the surface of the

tentacle apparatus and to its surroundings, especially to the

entrance into the intestinal cavity. Those freely moving

(swimming) species have ceased to form cilia whose size has

been increased and whose active movement is effected by

means of contractions of muscles (medusae, Siphonophora);

these cilia can, however, return if the size of the species has

been subsequently diminished (Halammohydra, sporosacs of

the hydroids, Dicoryne conferta, see Fig. 8).

There is a great need of protection in the sedentary animal

types. The protective measures regularly take place on the

free surfaces of the animals; these measures are such that they

do not prevent the animal from making partial movements

(usually contractions). This protection is usually achieved in

such a way that part of the free surface of the animal body

becomes covered with a firm cuticle, and a smaller intermedi-

ate part with an extensile cuticle (Endoprocta, Ectoprocta,

Phoronidea, etc.). This is also the situation in Cnidaria. To
this protection have additionally come secretions from the

cells of the skin glands as a new means of protection. In

Cnidaria this has largely been done by cnidae.

As early as in Octocorallia we can see the formation of the

so-called periderm to be connected with the formation of

colonies (Stolonifera). It is a secretion of an organic substance

in the form of a cuticle which must not remain in its entire

extent connected with the skin epithelium and which is in

spite of this able to increase constantly its thickness. The con-

tractile and extensible part of anthopolyps is covered with a

thin extensible cuticle so that in case of need the polyp is able

to retract entirely into the broadened part (the theca) of its
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periderm. The same can also be found in Scyphozoa, even if

here to a lesser degree because scyphopolyps are less inclined

to form cormi. The formation of a periderm is widely develo-

ped among the Hydrozoa (Hydroidea), especially in the most
primitive Thecata. These have even developed devices in the

form of a lid by means of which the animal is enabled to close

the opening of its theca so that finally the entire body of the

hydranth is protected by its periderm. The Athecata have

ceased to form the hydrothecae and they have replaced the

personal protection with the so-called renovation of dama-

ged or destroyed hydranthes.

The formation of a periderm is not an invention of Cnidaria;

similarly as in the case of cnidae, Cnidaria had inherited this

inclination and ability from their turbellarian ancestors. It is

natural that in Turbellaria as freely moving animals a general

and strongly formed periderm has never been developed. In

Turbellaria a thick and firm cuticle can appear locally only and

under special circumstances. Thus cuticular thorns (they are

probably built of scleroprotein) can be found on the dorsal

side of the genus Bnantia, among Polycladida. Much more
frequently we find firm cuticular formations developed in

connection with their genital organs (the male organs of co-

pulation). It should be mentioned in passing that this ability

to form a firm cuticle had also been inherited by numerous

types of Ameria. The best parallel to Cnidaria can be found in

Endoprocta as sessile descendants from Turbellaria which usu-

ally form cormi. In these, similarly as in Cnidaria, w^e can find

in one and the same individual all possible transitions from
a ciliate and bare epidermis, to such that one has cilia and that

is covered by a thin and extensible cuticle, and finally to one

that is covered by a thick periderm which can be occasionally

equipped with spines. This periderm can serve, as it does in

Cnidaria, as a true exoskeleton.

In Anthozoa and in Hydrozoa, especially in the former, the

formation of cormi is attended with a secondary impregnation

of the organic skeleton matter with mineral salts; this has led
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to the formation of a firm skeleton that can be polished and

rubbed. Even in this Cnidaria do not show an originality.

The first steps in this direction had again been made bv

Turbellaria, even if in these this development has preserved

a local and moderate character due to the fact that Turbellaria

are freely moving animals. As a matter of fact, not even Tur-

bellaria have been the first to have discovered this possibiUty—

similar things can be found as early as in Protozoa. Calcium

salts have been used as a skeleton material in two different

ways, either as a substance which impregnates the periderm,

or as biocrystals (spicula). Both these elements can also be

found elsewhere in the animal world; Mollusca and Brachio-

poda can serve as examples of the former development; Ces-

toda, Nematoda (male animals), Brachiopoda with their spi-

cula, Tunicata, and others, as examples of the latter. These

spicula or calcoblasts have been occasionally cemented together

into a firm skeleton (e.g. in Octocorallia, etc.)

In two species of Turbellaria (J^urhella klostermanni and

Sidonia elegans) L. v. Graff (1882) was able to observe skin

inclusions that produced an effervescent effect when treated

with the acetic acid; they had therefore been impregnated with

a lime -containing carbonic acid. Similar morphological ele-

ments have been described by O. Steinbock (1931) as "small

calcareous bodies" in connection with the primitive Acoela

Nematoderma bathycola; he did not determine, however, the

true chemical nature of this substance.

This abiUty to deposit mineral salts in their own cells or

in the products of their cells (traces of which can be found

in the freely moving Turbellaria) has undergone further

progressive development during the transition to a sessile way
of life and to the formation of cormi. The madreporic corals

and so-called Hydrocoralha (Milleporidae and Stylasteridae)

are some of the most important absorbers of the sea chalk.

Frequently it has been maintained (e.g. by Kiikenthal, Kastner,

etc.) that the calcareous skeleton is formed by the ectoderm

only. This is not true for Octocorallia, and probably it is not
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true for other Anthozoa either. Why should we deny the

mesenchymal (mesodermal) character to such cells that onto-

genetically and phylogenetically arise in the skin layer and

which later migrate into the middle layer, when in other

animal types the same cells are considered forthwith as mesen-

chymal cells?

As for the cellular structure of the skin laver it can be stated

that from our standpoint we can expect in Anthozoa the con-

ditions to be more primitive than in Hydrozoa (we speak here

of the polyp generation only). Similarly as in TurbeUaria, where

a sHghtly cellularized epidermal epithelium (ectocyte) can re-

gularly be found in the primitive Acoela and where we there-

fore speak of a syncytial structure, we find cases with a plasmo-

dial (syncytial) ectoderm (epidermis) first in Anthozoa among
Cnidaria. The cellularization, i.e. the morphological-physio-

logical division of the elementary units of Eumetazoa (of the

true cells) in the primarily polycaryontic plasmodium becomes

more and more complete in the direction Anthozoa -> Scvpho-

2oa -> Hydrozoa. This, however, is not true for the skin laver

only. In sessile animals we find this cellularization to be con-

nected with an epitheUzation, and it is especiallv developed

in those animal types that form cormi. In this sense the

middle layer (and the ner\^ous system) lags behind. In

Cnidaria the middle layer retrogresses more and more until

finally the climax of this development is reached in hvdro-

medusae and in the hydranths of the corm-forming Hyd-
roidea. I have already stated that this development has never

led to a complete loss of the middle layer (it can occur locally

only).

Finally we also find the actual conditions of the skin gland

cells to agree better with our interpretation of the origin of

Cnidaria than with the earUer theory. A mucous membrane
can be found in the primarily soHtary Anthozoa only. Some
Actiniae (e.g. the common i&d Actinia equina) are able to Uve
in the tidal zone because at ebb-tide they cover their bare and

contracted bodies with a thick layer of mucus. This lowest

14



198 THE EVOLUTION OF THE METAZOA

form of the activity of skin glands, the secretion of the mucus,

has later been developed into various other more specialized

secretions. As early as in solitary Anthozoa we can find on

one hand a more local (at the flattened sole of the foot) secre-

tion of a glutinous and therefore thicker slime, and on the

other hand (especially in Ceriantharia) a glutinous and tubular

secretion whose duty is to protect the animal body. The for-

mation of the periderm also belongs here, with the difference

that here slime has become solid matter. If we disregard the

formation of slime, which is connected with the feeding me-

chanism of the animal, we find in scypho- and hydro-polyps

the gluti ous slime to have an active role in their aboral poles

only; this is especially true for those polyps that have become

secondarily solitary animals, as is the case with Hydra. The gas

gland in the pneumatophore of numerous Siphonophora re-

presents a special case. It is proved by such isolated and special-

ized cases that mutations in the skin gland cells can reappear

again and again.

In Cnidaria we see how the skin progressively loses the

character ot a mucous membrane, a fact which can be explained

as being due to the formation of cormi and, in connection with

this, to the sessility and to the formation of a periderm. In

Turbellaria, on the other hand, the character of the mucous

membrane has been better preserved; it has especially been

developed at the anterior ends (the deeply sunk-in front

glands) and on the ventral surface; here it has been specialized

and the slime has been given an important role which enables

the animal to creep over the substratum. This property has

later been inherited and further developed, by others (e.g.

Gastrotricha), and also by Mollusca. This slime secreted by

the skin glands can become so firm that it can be extended

into glutinous threads that can be used by the animal for

the formation of nets by means of which the animal can catch

its prey, and for the formation of thin cords which the animal

uses to descend. What else can the colloblasts of Ctenophora

be than specialized cells of skin glands which behave like
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cnidae and which can be used by the animal when it catches

its living prey? Colloblasts had ultimately been developed from

the same source as cnidocytes, i.e. from the cells of the skin

glands of the oldTurbellaria; in both these cases, however,

the development took place independently, and therefore

parallel, and this is the reason why it is senseless to combine

Ctenophora, as Acnidaria, with Cnidaria into one higher taxo-

nomic unit of Coelenterata. The main difference that can be

noticed between colloblasts and cnidae is that colloblasts do

not represent a firm and formed unit (glutinous kernels

cannot be attributed to it !) and that they function as a glutinous

substance without the aid of an explosion. In spite of the fact

that they form two types of elastic, or contractile, filaments

(a straight and a spiral filament), they have reached a lower

level of differentiation than the one that has been reached by

cnidae.

Thus we return now to the cnidoblast as the skin gland cell

which shows the best developed differentiation and speciali-

zation in the entire animal world. Once separated from its

"maternal cell" (cnidocyte, stinging cell, nettle cell), or after

the death of the maternal cell, the capsule or the nematocyst,

though itself not alive, even if it possesses a complex structure,

can continue to function in a foreign environment as is proved

by the so-called kleptocnidae. The fact has frequently been

forgotten or quietly passed over (e.g. in the book by Hyman)

that cnidocytes are originally monocellular gland cells and

that they did not appear as such, i.e. as fully developed,

suddenly in the Cnidaria; they had a long phylogenetic develop-

ment behind them which leads by way of Turbellaria down to

the Protozoa. It has already been mentioned that similar forms

had probably been developed polyphyletically as early as in

Protozoa. Even a cursory comparison of the "nettle capsule"

of the dinoflagellate Poljkrikos schwart^i, w4th the trichocyst

from the paramecium and from the so-called polar capsule of

the Myxoholm (Cnidosporidia), with cnidae of Cnidaria, and

finally with various partly solid secretions of the turbellarian

14*
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gland cells (rhabdites, rhamnites, sagittocysts) shows clearly

that the development has gone here into considerable

width.

Here we can bypass the problem whether genuine and auto-

nomous cnidae can be found as early as in Infusoria; the so-

called cnidotrichocysts oixhtProrodon are, according to Kriiger

(1934, 1936), certainly very close to a genuine cnida. Since we

consider that the Turbellaria as the lowermost Eumetazoa, had

been developed from the ciliate Protozoa, we accept

it as certain that Turbellaria had inherited their tendency to

gland cells with a strongly gushing and partly firm secre-

tion from their protozoan ancestors; in Cnidaria this same

ability has developed into a real virtuosity (Fig. 36).

It seems, especially on the basis of studies made by Meixner

and by Kepner and his school on Microstoma^ that no genuine

cnidae have been developed anywhere among the Turbellaria.

In Turbellaria the highest level reached in the development

in this direction seems to be in sagittocysts, a fact which, as

has already been mentioned, can easily be understood it we

take into consideration the way of life on one hand of Cnidaria

and on the other of Turbellaria.

The Nemertinea, too, had inherited from their turbellarian

ancestors, even if to a lesser degree, the ability to produce

forms similar to cnidae. It may not be a mere chance that,

especially in Nemertinea, such secretion products can be found

on their unarmed proboscides. Frequently one can find in

the epidermis cells of the anterior part of their proboscis rod-

like structures w^hich are very similar to rhabdites of Turbel-

laria. It is improbable that these rod-Hke structures could

be of a foreign origin. Genuine cnidae have been found in

the wall of the proboscis of several species belonging to

the genera Micrura, Cerebrattdus, and "Linens; these cnidae

show a regular distribution (in two longitudinal lines); their

origin has unfortunately not yet been determined, so that

we do not know^ whether they are autonomous. The cnidoid

forms, however, cannot be expected in Nemertinea with an
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Fig. 36. Hypothetical evolution of cnidae from secretory cell

without solid secretion, (A) to fully developed cnidae (B-F).

armed proboscis, where poisonous glands are used, together

with stilettos, as an effective weapon.

In the Cnidaria genuine cnidae only appear, as has already-

been mentioned, quite generally and without a single excep-

tion. This should not be considered as surprising, since all

levels of evolution in the direction towards a genuine cnida

can already be observed in Turbellaria. This fact which must

be expected if we accept our standpoint, i.e. a progressive
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evolution of cnidae within the group of Cnidaria, can point

to the direction Anthozoa -> Scyphozoa -> Hydrozoa. This

progressive evolution can be observed in several elements.

First, in the general form of the capsule, we find in Antho-

zoa an oblong or rod-Hke form to be prevalent. It is only in

Scyphozoa, and especially in Hydrozoa, that it becomes

differentiated into several other external forms, particularly

into a spheric or into a pear-shaped form. Another develop-

ment can be observed in the w-all of the capsule. It is in

Anthozoa only that we find cnidae with a thin-walled

capsule and with a predilection for acid colouring substances;

they have been given a special name, i.e. that of spirocysts.

Earlier it was believed to be a sign of the primitive character

of these spirocysts that they do not show a continuity between

the wall of their capsules and the "thread." Will (1909), Weill

(1930), and recently C. E. Cutties (1955), however, have been

able to show that we nevertheless have here genuine cnidae,

even if the connection betw^een the capsule and the thread

still seems to be a tenuous one.

A further progressive evolution can be observed in the

equipment and in the form of the thread. It has been used

as a basis for the systematization of cnidae by Weill (1930) and

by Carlgren (1945). A further subtle morphological and physi-

ological difference can be observed on and around the capsule

of the cnidae if we compare the anthozoan and hydrozoan

cnidae (cnidocil, lasso, various fibrous forms in the cytoplas-

mic body of the cnidoblast, the formation of the stem, etc.).

A conspicuous phenomenon is a progressive variety of the

cnidarian apparatus that can be observed in one and the same

species of Cnidaria, a fact w^hich has led to the notion of a

"cnidom." Such a differentiation can be further developed in

another direction, i.e. to a more regular and therefore to a

more effective grouping of cnidae into variously formed

batteries. Again this development has reached its climax in

Hydrozoa, especially in Siphonophora. In this connection we
also find a more and more distinct differentiation of the strictly
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localized place of origin of cnidocytes, combined with an

increasingly complicated migration of half-formed cnidocytes

to those parts of the animal body where they can be used

(this has first been described by Hadzi (1907), later confirmed

by numerous other authors). From a physiological and ecologi-

cal standpoint we can notice a further specialization into penet-

rating, volvent, and glutinating cnidae, a development which

again has reached its climax in Hydrozoa.

Finally we can observe that when the climax has been reach-

ed in the progressive evolution the subsequent development

can turn in a retrogressive direction. This can be seen, first,

in the fact that a polycnidom can secondarily be changed

into a monocnidom, thus to a simplification in the selection

of cnidae, as this is the case with Trachylinae. Another retro-

gression can be observed in those cases where cnidae degene-

rate, as can be seen in the so-called rhopalonemes and desmo-

nemes in Siphonophora (Diphyes). Cnidae have lost their

primary function in numerous hydromedusae, especially in

Trachylinae. Here they remain, half developed, in the middle

layer; amassed in the margin of the umbrella and behaving

passively, they serve as an elastic and strengthening inner

skeleton.

As a conclusion it can be stated that cnidoid forms belong

to the category of non-living, even if organic, secretions of

the cytoplasm. They first appear, in an acellular state, as early

as in Protozoa; they have been continuously progressively

developed in several directions and they have reached their

climax in Dinoflagellata (Kofoid and Swezy, 1921; Weil, 1925;

Chatton, 1914); they have reached another climax in Infusoria

(Kriiger, 1934). The Turbellaria, as the first Eumetazoa, had in-

herited their inclination to form cnidoids and passed it on to

several of their descendants. An absolute climax has been

reached in this development in the sessile Cnidaria. The
progressive line of evolution points clearly in the direction

Anthozoa -> Scyphozoa -> Hydrozoa, reaching its final and

general culmination in Hydrozoa. In the latter, a partly retro-
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gressive development can also be observed. It is probably a

unique case in the whole animal world that animals that use

Cnidaria (this is true, as it seems, for Hydrozoa only) as their

food, e.g. Turbellaria, Ctenophora, Gastropoda, are able to

use cnidae which have been taken from their prey, as the

so-called kleptocnidae (Martin, 1914). It seems that the cnidae

of only the Hydrozoa can be used as kleptoknidae because

they are of the highest quality.

Ontogeny

Initially, I gave a general explanation of my interpretation of

the relationship betw^een ontogeny and phylogeny. I agree

with Garstang, de Beer, Steinbock, Sacarao, and numerous

other zoologists who have resolutely rejected as wTong and

misleading the so called "fundamental biogenetic law" as it

was formulated by Ernst Haeckel. According to this law,

ontogeny is supposed to be a shortened and somew^hat

changed ("falsified!") phylogeny; the phylogeny did not repre-

sent some old ontogenies (ontogenetic stages), but rather a

chain of adult stages or forms. Even if basically wrong, this

interpretation as proposed by Haeckel was originally useful

for propagating the idea of Evolution. This quasi-law has now
been banished for all times from the demesne of biology; this,

however, should not mean that ontogenies cannot serve as a

useful material when we are attemptirg to come to some

phylogenetic conclusions by means of a comparative method.

It is only necessary that we proceed cautiously in order to

avoid the pitfalls ot the so called caenogenesis.

We are aw^are of the fact that w^e will have to overcome

considerable difficulties in the struggle for a new interpreta-

tion of the phylogeny of Cnidaria; this is due especially to a

widely believed, yet false, combination of tw^o concepts that

were proposed by Haeckel; this is, on the one hand, the con-

cept of a general repetition of the phylogeny in individual

ontogenies; and, on the other, the concept of a gastraea as the
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primitive form of all Metazoa. The moruloid and blastoid

forms have simply been presupposed and taken over from

the plant world when they could not be found among the

animals. It should be mentioned in passing that in my opinion

there have never existed any Gastraeadae. I even maintain

that the ontogenetic stage called gastrula does not represent

any recapitulation of a "gastraeadic" ancestor.

It is quite surprising that various zoologists could not see

that the well-known facts in the field of the ontogeny of the

cnidaria do in no way agree with their concept of the origin of

Cnidaria from some gastraea-like ancestors, with Hydrozoa as

the earliest form. It was within this important sphere that it

was necessary to take into consideration the factor of "caenoge-

neses" from some unknown origins. One could expect, on

the basis of this preconceived scheme, that the ontogeny of

Hydrozoa as that of the supposedly most primitive Cnidaria

should have the most typical course, i.e. that the impregnated

and fertiUzed egg cell should pass, by way of a total and equal

segmentation, through the stages of a morula and of a blastula

(or coeloblastula) to grow finally by way of an invagination of

its vegetative half into a double-layered gastrula. The facts,

however, tell a different tale. Such a "typical" recapitulation

can be found nowhere in the ontogenies of all Hydrozoa

that have been investigated up to this point. Occasionally an

invagination-gastrula can be found in Scyphozoa and ia

Anthozoa; there is also everywhere an Anlage of the inter-

mediate layer, as yet not that of a third "germ layer," as a

mesoderm. Here the types of development show an extra-

ordinary variety and they depend strongly and obviously on

the quantity of the food substance which has here a purely

passive role. It can be therefore easily understood that a sharp

opposition to the gastraea theory soon appeared after this

theory had been formulated by Haeckel; Ilya Metschnik off,,

an expert in the ontogenies of Cnidaria, proposed his own
theory of a parenchymella, and in this he was followed by

several other scholars; Lankester (1877), on the other hand>
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developed simultaneously with Metchnikoff the planula

theory.

It is characteristic that so far there has been nobody who
prepared to interpret the ontogeny of Hydra as typical in

spite of the fact that until recently Hydra has been conside-

red as the most primitive cnidarian (even now we can find in

the recent book by Hyman the family Hydridae given the

first place in the system of Hydrozoa, a classification which

must presuppose these to be the most primitive Hydroidea

and therefore also the most primitive forms of Cnidaria). A. A.

Sachwatkin (1956), also tried to derive Metazoa (together

with sponges) from the colonies of Flagellata. He considers

the flagellate blastula to be the primitive form, and corres-

pondingly had to bring forward the "metagenetic Leptolida"

in order to demonstrate his ideas in one example of the

supposedly primitive Metazoa. The examples selected by

Sachwatkin, i.e. the calcareous sponges, the metagenetic

Leptolida, the "lower Scyphozoa," and sea urchins represent

a poorly selected group because they all belong, without

exception, to very specialized types, and because they cannot

actually even be compared with each other.

In our analysis and comparison of ontogenetic morpho-

genies we will consequently begin with the study of conditions

as they occur in Anthozoa, above all in those that live a prima-

rily solitary life. These are the Actiniaria and Ceriantharia. We
find a "typical" ontogeny with a total cleavage, with a flagel-

late blastula, and with an invagination gastrula in Actiniaria,

among Anthozoa: this in spite of a presence of various vitelline

substances. Haeckel himself selected a species of anthopolyp

as a typical example (Fig. 37). As early as in Octocorallia

we find this situation changed. The segmentation, though

total and subequal, is followed by a stereoblastula; gastru-

lation takes place by way of a secondary delamination. Few
species only belonging to Scyphozoa have been studied so far

from this point of view (mainly Nausitho': and Chrysaora)

.

Oeavage seems to be more unequal here, and its result is a
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coeloblastula which develops later into an invagination

gastrula. It has already been mentioned that no invagination

gastrulae can be found in Hydrozoa; their early ontogeny is

in reality very plastic and it can be easily changed. This can

Fig. 37. The early ontogeny of an anthopolyp after E. Haeckel,

be explained as being due to the partial influence of two

factors. One of these is the progressive trend to develop a

freely living larva, a planula; the second factor is the prevalent

role which is given to the formation of cormi. As a consequence

of this, the planula does not develop first into a primary
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individual but instead it immediately begins to form cormi, a

phenomenon which can be observed above all in Siphonophora.

The conditions that can be observed in the ontogenies of

Cnidaria as a whole, show that the phylogenetic development

must have followed the direction Anthozoa -> Scyphozoa ->

Hydrozoa, and not the opposite direction, as has been believed

till now. The modes of evolution show considerable variety

and they are therefore not uniform. The younger pelagic

larva, the planula, seems to be most characteristic in the

ontogeny of Cnidaria; it had been evolved parallel to the

sessility of the adult form of polyp. It would be misleading

if we tried to see in this planula a recapitulation of a common
adult ancestral form. This planula does not feed independently,

and it can therefore not live long when swimming freely.

A slight prolongation of the planula stage can be achieved by

means of a reserve food given to the egg before it starts on

its way; yet in this way the mode of evolution is changed.

In Cnidaria a significant prolongation of the pelagic stage—

without the usage of a medusoid generation (primary or

secondary)— has been reached, as it seems polyphyletically, so

that the subsequent development (yet not a real metamorpho-

sis) takes place in the pelagic zone; the larva as such becomes

able in this way to feed independently. Such a larva has been

called an "actinula;" attempts have been made to suggest that

the actinula represents the primitive form ofCnidaria, an equally

misleading interpretation. The more progressively developed

planktonic larvae have no longer a freely moving medusoid

generation.

Actinulae of a very specified form can be found as early

as among the primarily solitary Anthozoa, i.e. in Ceriantharia

(Fig. 46). They are known as Semper's larvae, while at the

same time their relationship to certain adult forms could

not be determined. They develop some properties of the

adult form preserving simultaneously, as it seems, certain

archaic characteristics, e.g. a phase with four tentacles only,

with six sarcosepta, and with a well-developed bilateral sym-
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metry. Such a larva is known as a cerinula. The inclination to

prolong the pelagic stage can even lead so far, that it is already

during the plankton phase that sexual maturity is reached

(Djctylactis benedeni). In these larvae we find a combination

of transient larval characteristics and of the definite properties

of the grown-up individuals. A higher level of development

can be observed above all in their ciliation. "Zoanthellae"

with their oblong form, possess a long cilia-line along

the ventral side; "zoanthinae" whose form resembles that of

a vat, have a circlet of cilia and they swim in a special way by

means of pulsations, somewhat similar to the type of swim-

ming that can be observed in medusae. As early as in the

Anthozoa we can find cases (Zoantharia) where the planktonic

phase of the planula has been given up. This planula itself has

a life of short duration only and it soon develops into an

oozooid.

No actinulae can be found among Scyphozoa where medusae

are the prevalent generation. In the metagenetic species

we find the planula stage to be completed early; in Lucerna-

riidae, as has already been mentioned, planulae do not rise

into the pelagic zone, they have no cilia, and they creep for

a short while only over the sea bottom (Fig. 35).

Among Hydrozoa, freely sw^imming larvae which resemble

an actinula can again be found in the very specialized Athecata

(Myriothelidae, Tubulariidae). They become free only as such

and they are certainly of an independent origin. They have

been developed parallel to the retrogression of the free medu-

soid generation. Larvae of Narcomedusae, which have also

been called actinulae, have nothing in common either with

the larvae of Ceriantharia or with those of the athecate Hydro-

idea, except if we allow the homology (homotypy) to be comp-

letely watered down— something that has often been done in

recent researches. The Scyphozoa which have no actinulae

appear between Anthozoa which have actinulae and Hydrozoa.

The supposed actinulae of Narcomedusae and of Trachome-

dusae are larvae which are medusae and not polyps: in these
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the polyp generation has been abandoned as completely

as in the hypogenetic Scyphozoa. The larval stage has

been prolonged (it is only externally polypoid) by means of

a transition to a temporarily parasitic way of life, it has been

more strongly developed, and it has even become able to

reproduce asexually.

It should be mentioned in passing that it has not been

proved that the planula either of Scyphozoa or of Hydrozoa

has evolved into the adult form of a medusa by way of a

prolonged life in plankton. We always have a case of a secon-

dary direct change due to the abolition of the benthonic

polyp generation wherever a planula has actually been changed

directly into a medusa, a fact which can always be proved if

we make comparisons with the closely related species. All

hypotheses which suggest that the medusa form, or that the

planktonic planula or actinula represent the primary form in

the phylogeny of Cnidaria must therefore be rejected.

We can state, w^hen w^e now^ compare the ontogenetic

development of Cnidaria with those of Turbellaria, that little

actual material is available especially about the Acoela.

Furthermore, we can see (as was also the case with the genital

apparatus) that the ontogenetic morphogeneses show a strong

inclination to a specialization which has reached its climax in

groups whose eggs represent extreme cases of exolecithality.

On the other hand, a trend of evolution can be observed to-

wards a strictly determined and differentiated type of develop-

ment that can be found as early as among the Acoela (e.g.

in the species of the genus Convoluta). This trend, combined

with the formation of a duet (in Acoela) and of a quartet

(in higher Turbellaria), as well as the formation of an Anlage

of a middle body layer which is closely connected with the

Anlage of the intestine from a strictly fixed blastomere (4 d)
,

had been inherited by Ctenophora by way of Polycladida.

Here already the mesohyl is formed during the ontogeny out

of two sources, evidently a contrivance of the evolutional

technique.
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The conditions that can be observed in the ontogenies of

Cnidaria had certainly not been developed from such trends,

but rather from others that were more primitive, more plastic,

more changeable, and less determined. It appears, in opposi-

tion to the previously widely accepted interpretation, that it

is the youngest stages in the ontogeny i.e. cleavage that are

changed first, and it is therefore necessary to be very careful

when attempts are made on this basis to derive conclusions

regarding phylogeny.

We must mention here in passing the extremely interesting

example of a turbellarian (Prorhynchiis stagnalis M. Sch.) w^here

two rather different ontogenetic processes could be observed

in one and the same species (O. Steinbock and Sister Bernar-

dina Ausserhofer, 1950). Hyman (1957, 11:171) is right when
she emphasizes, "Practically nothing is known of the develop-

ment of these Rhabdocoela and Alloeocoela that have endole-

cithal eggs." To this it should be added that much depends

even in endolecithal eggs, on the quantity and on the type of

the distribution of the egg yolk.

As a matter of fact, no larva clearly of a planula type can be

found among the Turbellaria. It can, however, be said that it

had been prepared in the Turbellaria as a transient stereogastrula

which was later developed in the benthonic and sessile Cnidaria

into a typical pelagic larva. Turbellaria as a w^hole show little

inclination to develop genuine larvae, and this is particularly

true for those species that have begun to live in the fresh

water or even on the land. It is only in the Polycladida that

planktonic larvae (Goette-Miiller's larva) have been developed

as a parallel (and nothing more !) to an actinula.

If we disregard the special characteristic of Acoela (that

they have lost the second meridian cleavage which has led

in micromeres to the formation of a duet instead of a quartet)

we see that conditions that can be found in Cnidaria, and

especially in Anthozoa, show in reality close resemblance to

those that occur in Acoela. In these a stereogastrula which is

very similar to a planula is usually formed by way of epiboly.



212 THE EVOLUTION OF THE METAZOA

The oral opening is developed later by. means of an invagi-

nation. The contents of such a stereogastrula is naturally not

an entoderm but rather an entomesoderm which was called

an archihiston by Steinbock—inasmuch as it still shows the

primitive character of a plasmodium (syncytium). It becomes

clear that the supposedly primitive formation of the entoderm,

which has been considered as typical and which takes place by

way of an invagination of the vegetative half of the coeloblas-

tula, had been evolved so to speak in the "technique of embryo-

genesis" from a combination of an immersion ("passing into

the interior") of certain macromeres, e.g., 4A and 4jB, and

of an epiboly (surrounding growth by means of micromeres;

cf. conditions in the early ontogeny of the Poljchoerus caudattts^

according to Gardiner, 1895, and of Convoluta roscoffensis,

according to Georgevich, 1899).

It can be given as a direct proof of the origin of Cni-

daria from Turbellaria that it is in the Anthozoa only

that we find instances of an inclination to spiral cleavage

which is typical of Turbellaria and which was passed over

from Turbellaria to Mollusca as well as to Annelida. The

simplification of the in-determined character of the early

development of Cnidaria has been mainly due to the retrogres-

sion of the middle body layer which was caused by their

sessile way of life. In this connection the role of the blastomere

4 ^ as that of a supplier of the entomesoderm (coeloblast,

according to Daw^ydoff) has been diminished so that what has

remained has been the irregular formation of the so-called

entomesoderm, the mesenchyme.

It is characteristic, if viewed from the standpoint of a

general study of ontogeny (embryology), that no typical for-

mation of the so-called germ layers can be observed either in

Turbellaria or in their descendants Cnidaria. Kiihn (1914) was

obliged to state in connection with Hydrozoa that "... die

Keimblatterbildung (takes place) durch DiflFerenzierung aus

einem soliden, indifferenten Blastodermhaufen oder einem

Syncytium." Is it better not to speak here of any germ layers
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at all? An illuminating example in this connection is the athe-

cate hydroid Turritopsis nutricola whose ontogeny begins with

a regular cleavage that soon becomes irregular in order

finally to lead to a syncytial state; naturally enough this deve-

lops later into a cellular state. Even in other cases in the Cnida-

ria, a return to a syncytial state is not at all rare.

As a conclusion we can say that the facts that have been

known so far about the ontogeny of Cnidaria and Ctenophora

do not stand in opposition to our concept. On the contrary,

we find these facts if viewed from our standpoint are more

understandable than they have been till now. Two trends can

be found in ontogeny (as in the morphology) of the adult

forms: a retrogressive development, and a progressive trend.

The retrogressive evolution which takes place parallel to the

simplification of structure leads to a reduction of the

middle layer and to the in-determined character of the early

development, and the progressive trend leads to the formation

of a planula larva typical of Cnidaria. Both these developments

depend on the sessile way of life, combined with the formation

of cormi.

Asexual Reproduction and Regeneration

No phylogenetic significance has usually been attributed to

asexual reproduction. It is usually considered that where

the sessile way of life has been adopted by Eumetazoa it

appeared spontaneously. This is generally true even if there

are numerous exceptions. It should suffice to mention here,

on one hand. Rotatoria, Gastropoda, and Lamellibranchiata

which incline to partial sessility, and the completely sessile

Brachiopoda: among all these animals not a single case of

asexual reproduction has been known so far; and, on the other

hand, Annelida which move freely and which show, in spite

of this, instances of an asexual reproduction not only by

means of division but also by way of budding. In all those

cases where freely moving animals reproduce asexually we

15
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have usually (though by no means always) animal groups which

developed directly from some related animals that lead

a sessile way of life and which as such reproduce asexually.

As examples we can mention, among Cnidaria, some species

of hydromedusae (above all those that belong to the Hydro-

idea); hydropolyps that have become secondarily solitary

animals; the Thaliacea among Tunicata; two secondarily soli-

tary species of Ectoprocta (Monobryof^oon amhulans and M.
limcola), and perhaps t]\tL.oxosoma species among Endoprocta

(it is possible that these are primarily solitary animals !).

In agreement with the rule that a tendency to asexual repro-

duction can be observed in sessile animals the Cnidaria (in

clear contrast to Ctenophora!) show asexual reproduction in

widely adopted and manifold ways. This has led in all three

subclasses to the formation of cormi— these are least developed

in Scyphozoa— and in this way to polymorphism (polyp-

medusa, polypean polymorphism, medusan polymorphism). It

is usually supposed, even if it is not always explicitly stated,

that in Cnidaria this type of reproduction appeared, so to speak,

spontaneously as a consequence of a general plasticity. This

has been linked with the regenerative ability. This, however,

is an explanation born of a dilemma. Reproduction by means

of transverse division can be found in Turbellaria, even if it

is not of quite a general distribution and it occurs in spite of

the fact that they live as freely-moving animals. Here, too,

attempts have been made to bring this property into a causal

connection with the well-developed ability to regenerate.

These conditions become clear and understandable if viex^ed

from the point ofview of my concept (Cnidaria as descendants

from Turbellaria). First it should be mentioned that there

are—besides specialized forms of asexual reproduction, lacera-

tion, formation of podocysts, cladogony, etc.— mainly two

types of asexual reproduction: division and budding. Of these

two types, division seems to be the more primitive form, because

it appears early in the freely living Protozoa, especially in

Flagellata and in Ciliata ; in Flagellata as a longitudinal division.
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and in Euciliata as a transverse division. It is not difficult to

imagine that budding had evolved out of division during the

sessile way of life; this can be observed as early as in Ciliata

(Euciliata on one hand, Suctoria on the other).

We can rightly reverse the situation and can maintain that

the facts observed in connection with asexual reproduction

give support to our interpretation of the origin of Cnidaria

from Turbellaria. In the freely-moving Turbellaria transverse

division only appears; they inherited it from their euciliate

ancestors both in its primitive form as an architomy as well

as in its more progressive form as a paratomy. It is true that

this transverse division does not appear equally well deve-

loped in all animals that belong to the class Turbellaria because

it is coordinated with the way of life and the degree of plas-

ticity; we can find it mainly in their "lower" subgroups: in

Acoela (cf. the recent studies by P. Ax and Schulze and O.

Steinbock) and Rhadocoela, in Tricladida, and in the terrest-

rial Planaria. These are animals w^hich reproduce regularly only

by means of division. In the terrestrial Planaria, fragmentation

can frequently be observed which slightly resembles laceration

such as occurs in Actiniae. It can be easily understood that in

Turbellaria no budding has been developed because of their

active movements. Yet in spite of this we find in some Rhab-

docoela that paratomy has reached a state which is so similar

to budding that experts in Turbellaria have believed that it

really was budding.

Transverse division appears, as can be expected from our

standpoint, in the primarily solitary Anthozoa, even if it is

not frequent. The best known case is that of Gonactinia proli-

fera; Carlgren was able to show that here transverse division

occurs serially in the form of a paratomy. The case of Fmgia

which has also been closely studied shows that transverse di-

vision can be found among Madreporaria, even if in a some-

what different connection (unequal division and the alterna-

tion of generations). This type of division was taken over by the

Scyphozoa from their anthozoan ancestors; here it is called

15*
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strobilation even if this word suits those cases only where

we have a probably primary multiple transverse division (e.g.

the polydisc strobila). The products of this special form of

transverse division develop into medusae simultaneously tak-

ing over the sexual function. Since scyphomedusae are deve-

loped primarily by way of transverse division, it can be

understood that they never reproduce asexually (e.g., by

way of budding), as can occcasionally be observed in hydro-

medusae.

It is interesting to notice that in Hydrozoa, which do not

include any species that live as primarily solitary animals,

transverse division has reappeared in those species that have

secondarily adopted a solitary life. This is known for Proto-

hydra (besides a longitudinal division), and apparently abnor-

mally even in Hydra. The transverse division of the coenosarc

in the hydrorhiza which can lead to the formation of podo-

cysts can perhaps also be attributed to it as well as the decom-

position of the Polypodium chain. Here we can also inc-

lude the isolated case of hydromedusa (Gastroblata raffaeli)

which reproduce asexually by means of longitudinal fission

(Fig. 38).

A direct transverse division cannot lead to the formation

of cormi. We cannot know how the formation of cormi began

during the geological past. Yet if we refer to conditions that

exist in Ciliata and above all if we take into consideration those

that exist in the primarily solitary Anthozoa we can come to

the conclusion that the formation of cormi had begun in all

probablity as an imperfect division when budding had deve-

loped from division due to the great inequality of its products:

in this way the larger "half" of the divided polyp grew into

the maternal animal, and the smaller "half" into the bud. The

longitudinal division, too, had possibly been secondarily de-

veloped from the primary transverse division, such as it occurs

in Ciliata and in Turbellaria by way of an oblique division. In

the higher sessile animals we find budding preserved as the

only form of the asexual reproduction.
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As early as in Actiniaria which possess no skeleton and

which we consider to be the most primitive Cnidaria, lacera-

tion appears as well as transverse division, as a form of the

asexual reproduction: it takes place close to the margin of the

foot disc, thus close to the aboral end of the anthopolyp; it

represents an intermediate form between an oblique division

Fig. 38. The leptomeduse Gastroblasta raffaeli with longitudinal

scission; (after Babic).

and budding. To this we must add the appearance of the for-

mation of cormi in Actiniaria (family Corrallimorphidae). So

far this has been too little taken into consideration; in its form

it is connected with conditions that exist in those solitary spe-

cies that have the ability to lacerate. Processes resembling sto-

lons are formed with the production of blastozooids; they are

the forerunners of the coenenchyme. This was also the way
that Anthozoa first began to be attached to the substratum,

how they became sessile animals.

Only the Ceriantharia are, as it seems, all primarily solitary

animals and as such they have remained without asexual repro-

duction. In all other Hexacorallia, however, the formation of
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colonies had been introduced by means of an imperfect budd-

ing or division ; frequently it is not easy to distinguish

budding from division. Even budding itself does not always

take place in such a way that one could distinguish between

extratentacular and intratentacular budding. As early as

in Anthozoa, i.e. in Octactiniae, development has led

to the formation of regularly excrescing and individualized

cormi as well as (even if in a moderate degree) to the poly-

morphism (dimorphism) of the polypoid individuals (subindiv-

iduals).

All the three body layers participate, as much as this has

been known till now, in the budding of Anthozoa (the

so-called typical budding); this may also be true for Scypho-

zoa. As will be seen later, it is first in the Hydrozoa that so-

called atypical budding appears. In this the main role is

always played by those cells of the middle layer which are

usually considered as un-difFerentiated cells ; an interpretation

which was sharply contested by Steinbock (1954). We must

mention that in the higher types with a sessile way of life

of corms the budding always takes place in the so-called

atypical way, without participation of the endoderm. It has

already been mentioned that scyphomedusae which have a pre-

valent role among Scyphozoa do not reproduce asexually.

Transverse division appears regularly (even ifnot generally!) in

scyphopolyps, yet here it has become so specialized that nor-

mally polyps are not developed by way of transverse division,

only medusae. This transverse division which has become mul-

tiple can be so profuse and impetuous that it gives the impres-

sion of a terminal budding (the formation of the so-called poly-

discal strobilae). Lateral budding and the simultaneous for-

mation of colonies becomes rare. The buds of polyps which

grow directly on the maternal polyp or on the stolons, become

free and finally asexual reproduction is completely abandoned

(Lucernariidae, the hypogenetic species). The formation of po-

docysts develops in the secondarily solitarized scyphopolyps

which live in a shallow sea (Had^i, 1912); they represent a spe-
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cialized remnant of the formation of stolons and in this con-

nection also of cormi.

As in the case of budding, regeneration which is well de-

veloped in Anthozoa (just as in Turbellaria) regularly takes

place from out of the body wall. Tentacles which have been

cut off are unable to develop into a whole new animal appa-

rently because of the absence of mesohyl. The species Bolo-

ceroides however, represents according to Okada and Komori

(1932), an exception. This is a case of specialization.

Even in the evolution of asexual reproduction the climax has

been reached in Hydrozoa, both as regards the frequency and

variety combined with specialization (the formation of poly-

morphic and individualized cormi), as well as in the sense of

the so-called atypical formation of buds without the partici-

pation of the intestinal epithelium. The transverse division

recedes completely into the background, and the individuals

(hydranths) more and more lose their ability to form buds and

to regenerate. The colony prefers to abandon a damaged polyp

and to renew it out of the un-differentiated "coenosarc"

(Hadzi, 1915) than to replace it bv means of renovation

(Fig. 39).

In Hydrozoa, just as in the case of Scyphozoa, medusae are

developed (and they certainly had been developed during the

geological past) as special sexual individuals primarily by way

of asexual reproduction only, combined with alternation of

generations. It is certain that medusae had been evolved by the

two groups in two completely different ways, once by means

of a transverse division of the maternal polyp, and the second

time by way of budding either of the polyp or of the medusa.

On the other hand we find that in the two groups, species

which had evolved in the same way where the medusa

is developed directly from an tgg and where the benthonic

polyp generation has completely disappeared (the hypogenetic

species).

It is in the Hydrozoa only that divisions of whole parts of

cormi can serve the purposes of reproduction and of spreading.
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Fig. 39. A few cases of renovation in the thecate hydroids. A,
Plumularia sp. with embedded hydrothecae as result of reiterated

renovations. B, Aglaophenia sp. with reduplicated hydrotheca;

C, Halecium sp. D, 'L.ictorella sp., E, Synthecium sp. with gonangia
as renovants. (A-B, after Hadzi, C-E, after Broch.)

Such is the case with cladogony which I described (Hadzi,

1919 Fig. 40), i.e. the separation of twigs of the colonies

of Thecata which are transported by the sea current or which

become attached to a substratum in the vicinity of the mater-

nal colony. Something similar can be found in some Siphono-

phora which belong to the group Calycophora where whole

specially organized cormidia are separated from the maternal

colony and continue to live independently, producing sexual

individuals. Finally, we find only in Hydrozoa an asexual re-

production of cormi as such.

The fact may not be completely irrelevant that, contrary to

what has been found in Scyphozoa whose medusae can never

reproduce asexually, this kind of reproduction does not appear

quite so rarely in hydromedusae where it is more frequent in
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Fig. 40. Cladogony as a special form of asexual reproduction of
thecate hydroids (Fam. Haleciidae). A, Halecium pusillum, a cormus
in cladogony. B, cladogonium freely floating. C, young cormus
of Halecium sp. developed from a cladogonium on Cystosira (after

Hadzi).

the form of budding than in that of a division (Gastroblasta

raffaeli. Fig. 38). The buds can appear in various places,

even at the manubrium which corresponds to the oral cone of

hydropolyps. In the young parasitic and hypogenetic Narco-

medusae, budding can occur even at their aboral ends (e.g. in

Pegantha, according to Bigelow Fig. 46 D). It must be empha-

sized in this connection that, by way of budding, hydrome

-

dusae only can be developed from hydromedusae (the one

supposed exception is still a matter of dispute).
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EndosyMbiotic Monocellular Algae

The fact that the so-called zooxanthellae and zoochlorellae

which live intracellularly can be frequently found in Cnidaria

as well as in Turbellaria cannot yet alone be considered as a di-

rect proof of a close relationship between these two animal

groups; in particular it does not help us to distinguish which of

the two groups is the parent and w^hich the descendant.

Nor is it proved that this appearance can be considered as a

pure coincidence only. This situation, however, is altered when

we notice that in the Turbellaria the mutual relationship between

the animal and the alga stands on a more primitive level than

the level which has been reached in this connection in Cni-

daria. So far the physiological circumstances of this symbiosis

have not been clarified (the extent of the mutual dependence as

regards breathing and feeding); we w'ill take into considera-

tions those conditions only that can be observed during

the transmission of symbionts frogn one generation to the

other.

We can disregard the circumstance that there are at least

two types of symbiotic algae, the green coloured zoochlorellae

(this is, as a matter of fact, not a taxonomic idea), and the

zooxanthellae whose colour is yellow^ to brow^n (they are actu-

ally Dinoflagellata, according to Chatton). The situation is

usually such that zooxanthellae prevail in those animal partners

that live in the sea, while zoochlorellae are more numerous in

those partners that live in fresh w^ater. It should also be mention-

ed here that such endosymbioses occur as early as in Protozoa

(especially in Radiolaria and in Euciliata). As for the Turbel-

laria, we can read in the manual written by Hyman (11:143),

"Most acoela and some rhabdocoela and alleocoela harbour

symbiotic chlorellae and xanthellae;" these live mainly in the

mesenchymal cells under the skin muscle tube. It is important

in this connection that these algae do not pass over into the

egg cells so that the young animals which have just developed

from an egg do not possess symbionts and they must be later
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"infected" by food which contains these algae, e.g. by the egg

shell whose surface is covered with these algae.

It is characteristic that no case of a symbiosis with these algae

is known in Polycladida and that correspondingly zooxanthel-

lae do not occur in the completely transparent pelagic Cteno-

phora which derive from Goette-Miiller's larvae that have

adopted neoteny— even if such a symbiosis could be expected.

In TurbeUaria the majority of cases of endosymbiosis can

be found in Acoela and in other primitive groups. It is not

impossible that in Acoela the absence of nephridia could

be attributed at least partly as being due to this endosym-

biosis since the algae which Hve in the cytoplasm use up the

products of excretion of their partners. The physiological

relationship with these algae can be very complex in numerous

species of Acoela (e.g. in species belonging to the genus Con-

voluta) . Yet in spite of this we find that the continuity of this

symbiosis has not been secured in the most reliable way, i.e.

by means ot a transition of algae into the egg cells. It could

perhaps be said that as early as in Acoela the eggs are better

isolated against their surroundings in the body of the partner.

The possibility, however, cannot be excluded that in those

TurbeUaria which regularly possess symbiotic algae, cases

will be found w^here symbionts are directly transferred by

means of egg cells. This could be the case in Acoela with a pri-

mitive sexual apparatus. Von Graff (1908, 1943) admits the

possibility that in the species Volychoertis caudatus Mark, the

algae are present even in the cleaving egg.

It is well known that in Cnidaria a symbiosis with mono-
cellular algae can be frequently found. We can observe such

cases in all the three subdivisions, and most frequently in

Anthozoa, among others in Actiniae and in Madreporaria. This

symbiosis occurs so regularly in the cUff-building corals,

whose most profuse growth takes place in the well-lit upper

zone of water, that earlier it was quite generally believed that

these corals lived and grew mainly or even exclusively at the

expense of their endosymbionts. This endosymbiosis, however,
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does not go so far, as has been shown by recent researches,

their animal food is usually consumed during the night and

therefore during the day-time we do not find any food of ani-

mal origin in the gastrovascular system of polyps belonging

to corals. It seems that the sessile way of life favoured the

stabilization and further development of this mutual relation-

Fig. 41. A section of the egg-cell of Halecium sp. with symbiotic

zooxanthellae pervading in the egg (from Hadzi).

ship, so that finally these algae could be regularly passed over

to the eggs, a development which was facilitated by the posi-

tion of ovaries and by their approachability. It was more than

40 years ago that I was able to show how zooxanthellae actively

penetrate into the young egg cells of a species belonging

to the hydroid genus Halecium (Hadzi, 1912 Fig. 41). At

about the same time (1906) I succeeded at the then established

"Biologische Versuchsanstalt in Wien," which w^as headed by

the well-known experimental zoologist Hans Przibram, in

making green Hydra colourless, after I had reared the sexu-

ally ripe animals in complete darkness (the same experiment
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was repeated later by others with the same result). Not only as

a species but also as a genus, the green Hydra (Chlorohydra

vivridissima) is so closely connected with its green symbiont

that it is only with difficulty able to live without it.

The fact may not be completely without significance that in

the lower Turbellaria the symbiotic algae appear everywhere in

their interior ("entomesoderm," or better archihiston, accord-

ing to Steinbock), clearly a sign of a lower level of develop-

ment. In Cnidaria we find, with a few exceptions, these algae

in the intestinal cells only.

Thus the facts that can be observed in the symbiosis bet-

ween animals and the monocellular algae support my thesis

that this symbiosis had been developed as early as in Protozoa,

that it had been inherited from these by the lowermost Eume-
tazoa, then by Turbellaria, and that from these it was trans-

ferred to Cnidaria where it has been further evolved.

With this we can conclude the second part of our present

study. In it I have endeavoured to make it at least more

probable that, contrary to the widely accepted opinion, the

phylogenetic development of Cnidaria followed the di-

rection Anthozoa—Scyphozoa— Hydrozoa, a direction which

also agrees with the generally accepted principle that the sessile

way of Hfe leads both to the radial symmetry and to the retro-

gression of the organization (especially inasmuch this is con-

nected with the free movement) with a simultaneous pro-

gressive development of new or of already present properties

that are connected with the sessile way of life, and that in this

way a new animal type is being developed. No well-warranted

facts are known to me which would be incompatible with

this new interpretation. On the contrary, I find that many
facts which could not be understood or which were obscure,

become understandable and clear if viewed from this stand-

point.
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In this way only Cnidaria remain, as the last of the Mohicans,

in the large group of Coelenterata. As a matter of fact, we
can even now find books on zoology (cf. D'Ancona, 'Let^ioni

diBiologia eZoologia Generale, 1939) where Cnidaria only appear

under the heading of Coelenterata. Nevertheless, they have left

an impoverished Coelenterata in the old place of the natural

system.

Important problems arise as soon as we place Hydrozoa

with their secondarily solitary and simplified species at the end

of the system of Cnidaria and when we put the primarily soli-

tary Actiniaria in their stead; such a problem is, for example,

the question of how to connect Actiniaria "downwards," or

where to derive them from? Can we still continue to use the

gastraea theory which is irrevocably connected with the hy-

pothesis that Coelenterata consist of two body layers? Or

should we rather take into consideration the next "lower"

Eumetazoa, the Turbellaria, which scholars have tried again

and again somehow to connect with Coelenterata, usually in

the same way as they have tried to derive Turbellaria from

Coelenterata. If, however, we accept the opposite thesis, w^hich

seems a priori to be the more probable one, that Cnidaria had

developed from Turbellaria, then suddenly a new difficulty

arises; though repeatedly mentioned in passing, nobody (with

one exception, O. Steinbock) has ever earnestly attempted to

solve the problem of the origin of Turbellaria. This again

opens the important question of the origin of the eumetazoan

Turbellaria from their protozoan ancestors. Were these Pro-

tozoa which stood closest to the present day Euciliata, or colo-

nies of Flagellata?

The zoologist who proposes a new interpretation of the

evolution of Cnidaria which he wishes to be generally accepted,

is also obliged to give rational answers to all the questions

raised above; these answers must be at least more probable

than the answers that have been given and defended till now.

In a series of sactions I will endeavour to discuss the most

important consequences of the new interpretation of Cnidaria,
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firstly the detailed problems (e.g. the new system of

Cnidaria and the position of Cnidaria in the natural animal

system, the probable origin of Cnidaria or the turbellarian

theory of Cnidaria) and secondly the more general problems

as, for example the origin of Metazoa, the origin of Turbellaria,

the relationship between Protozoa and Metazoa, the criticism

of Haeckel's theory of a blastea and of a gastraea, as well as

the idea of germ layers, the problem ofmesoderm and ofmeta-

merization, the origin of the ontogeny and its further deve-

lopment together with secondary cellularization, the general

division of the animal world connected with a reconstruction

of the animal classification— all this connected with an objec-

tive discussion of the opposite interpretations.

The New System of Cnidaria

It will be our first task to construct a system of Cnidaria

which will be a truly natural system and which will agree with

the new interpretation of the origin and ofthe phyletic develop-

ment of Cnidaria. Since this is not the right place to discuss in

detail various taxonomic problems, we will limit ourselves to

an outline of the system as it appears in larger groups or

taxons. The division of Cnidaria (the corresponding system

category will be later defined) into three main groups remains

unchanged since it agrees well with facts; we only have to

change the sequence of these three groups into the direction

Anthozoa -> Scyphozoa -> Hydrozoa. With regard to the

relationship connections of these three groups with each other

we have to take into consideration two possibilities. It is pos-

sible either that both Scyphozoa and Hydrozoa had developed

independently from each other, from the Anthozoa; or that

Scyphozoa had developed from Anthozoa and that later these

Scyphozoa themselves had evolved into Hydrozoa, the

youngest representatives of Cnidaria. The second possibility

seems to be more probable since Scyphozoa appear, so to speak,

16
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in the middle between Anthozoa and Hydrozoa. Theoretically,

a third type of evolution is also possible, i.e. that all the three

subtypes of the Cnidaria had developed in parallel, from a

hypothetical indifferent state. Such a concept, however, seems

to me as completely improbable. As for the classification

however, it is irrelevant which of the possibilities be true. It

appears as very probable, in view of the great difference which

can be found in the way that the medusa form is primarily

developed from the primitive polyp form in the two groups

of Cnidaria, that the separation of both Scyphozoa as wxll as of

Hydrozoa took place at a time when neither the former nor

the latter had yet developed their medusa forms.

The main characteristics of Anthozoa can be enumerated

as follows: (1) they have a muscular gullet (pharynx

with siphonoglyphs (2) they have primarily solitary in-

dividuals (3) they have a polyp form and no medusa form;

(4) they have w^ell-developed longitudinal folds in their

intestine, the genuine sarcosepta which are orally connec-

ted with the gullet; (5) they form intracellular sclerites which

are permeated with the calcium carbonate; (6) they still have

a well-developed middle layer.

The following elements are characteristic of Scyphozoa:

(1) their "septal apparatus" is strongly reduced in the form of

usually four short taeniolae with taeniolan muscles and

teaniolan funnels; (2) they have developed scyphomedusae as

a special sexual generation which has become the predominant

form of Scyphozoa or even a form which alone has been pre-

served (the hypogenetic species); (3) they do not possess an

ectodermal gullet; (4) scyphomedusae are developed, with the

exception of the hypogenetic species, w^here they develop

directly from the egg and the lanal cells, from polyps by way

of a transverse division.

The following characteristics should be mentioned in con-

nection with Hydrozoa: (1) no traces of sarcosepta or pharynx

can any longer be found in their polyps; (2) their middle layer

is strongly reduced so they give the impression that they con-
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sist of two body layers only; (3) they have developed their own
medusa form, the hydromedusa, which is formed primarily by

way of budding (and secondarily directly from the egg cell)

;

secondarily the medusa generation is frequently more or less

reduced ; (4) only they have developed pelagic, polymorphous

(also with regard to the medusa form), and strongly individua-

lized cormi (Siphonophora).

Changes that have occurred within the frame of individual

groups (subclasses, earlier classes) must also be studied

in agreement with this new interpretation of the phylogeny of

Cnidaria; they cannot, however, be discussed here in greater

detail. As for Anthozoa, we can preserve their present sub-

division into two groups of Hexactiniaria (Hexacorallia) and

Octactiniaria (Octocorallia), yet with the difference that, in

contrast to the present sequence, we give Hexactiniaria the

first place, and Octocorallia the second. This is not difficult to

justify. The polymerous state with large and not fixed numbers

is, according to a very generally valid rule, the primitive state,

and the oligomerized state with a fixed and diminished number

is secondarily developed from the former. We must therefore

reverse the presently valid sequence and put Hexactiniaria into

the first place and Octactiniaria into the second place. Other

properties of these two groups also agree wdth this new

sequence. Thus we find, for example, the primarily solitary

anthopolyps (among these a type with a rounded off aboral

end) among the Hexactiniaria only. A dimorphism of polyps

and the individualized cormi can be found in Octactiniaria

only. Octactiniaria each have (with one exception where

we find a different number of septa) eight branched tentacles.

Hexacorallia have been given the first place also by some other

zoologists (e.g. A Kastner, in his 'Lehrhmh der spet(iellen Zoo-

logie, yet he does not give his reasons for such a sequence).

It is clear that the first order within the gtoup Hexacorallia

is that of Actiniaria. This has usually been the case in earlier

classifications, too. As for the remaining orders, we find the

equally primarily solitary Ceriantharia regularly placed at the

16*
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end of Hexacorallia, because of their aberrant septal apparatus;

more rarely, however (for example, Beklemischcw, 1958)^ they

are considered as a category equal to that of Hexacorallia. It is

certain that the Ceriantharia had evolved as a side branch from

a root which has remained unknown so far (we cannot expect

that we will ever be able to find the corresponding fossil mate-

rial since we have here animals that possess no skeletons whose

development goes far back into geological past). It may be

better, however, to place them immediately after the Actiniaria

because they have remained, like Actiniaria, primarily solitary

animals. They should be followed by the remaining orders:

Madreporaria (it is possible that among these there still exist

primarily solitary and now already completely immobile

species), Antipatharia, and finally Zoantharia. The last two

orders are highly specialized, each in its own direction.

Fortunately enough, the subdivision of Octocorallia (Oc-

tactiniaria) has already been well made. The most important

difference between various systems that have been proposed

can be found in the number of subgroups. Some zoologists are

satisfied with three orders (Alcyonaria, Gorgonaria, andPenna-

tularia) while it is believed by others that five orders must be

distinguished (Stolonifera, Telestacea, Alcyonacea, Coenothe-

calia, Gorgonacea, and Pennatulacea). This difference, how-

ever, is not important in connection with the present study.

At present, we are hardly able to determine with certainty

where and when Scyphozoa had branched off from the Antho-

zoa. Those Anthozoa which stand closest to the present day

Stolonifera among Octocorallia, represent in all probability the

starting point for the evolution of Scyphozoa (Fig. 42). This

development had probably taken place at a time when their

ancestors did not yet of necessity possess branched tentacles

and when their polyps, w^hich were protected by a periderm

that extended high over the body of the animal, formed the

"creeping" (stolonate) cormi. Medusae began to be developed

from some intermediate forms w^hich have now become extinct.

Viewed from our standpoint we must put into the first
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place of the classification of Scyphozoa those species where the

two generations are found equally well developed, where both

the periderm as well as the formation of cormi can be observed

in the polyp generation, and where the medusa form stands

closest to the polyp form. A definite classification of the more

primitive Scyphozoa will only be possible when we know the

whole life-cycle of a majority of species belonging to them. Now

..^^^M-A

Fig, 42, A stoloniferous octocoral (Cornularia cornucopiae) with
peridermal theca. A, a colom'- (cormus) nat. size (after Delage and

Herouard). B, empty periderm. C-D two polyps (orig.).

we are able to propose a provisional system only. It can be

said in connection with the numerous attempts to develop a

system of Scyphozoa which have been proposed till now (this

group has been usually and improperly called Scyphomedusae)

that all these attempts completely disregard the actually pri-

mary polyp generation (this is usually mentioned as a polypoid

larva, as a "scyphistoma"). Scyphopolyps are not even men-

tioned among the enumerated characteristic properties of in-

dividual subgroups.

Two peculiarities of these systems can be mentioned as

common to almost all the attempts which we have not the space

to enumerate here. The first is that the order Lucernariidea
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is placed at the beginning and that of Rhizostomae at the

end of the system; the second generally prevalent characteris-

tic of this system is that Lucernariidea are followed by Carybde-

idea (also called Cubomedusae), and Rhizostomae by Semae-

ostomata. The fifth order Coronata is placed in the middle

(this is the sequence in Krumbach's Handbuch derZoologie). Fre-

quently, we find three orders only mentioned (e.g. by Claus),

and the two orders Semaeostomata and Rhizostomae united

in one order (as Discomedusae or Discophora), and the first

two orders grouped together as Calycozoa, etc.

It is clear already now that Lucernariidea cannot be placed at

the basis of the system of Scyphozoa, even if they give the

impression of being more primitive forms. It is completely

impossible that scyphomedusae had developed from scypho-

polyps during their sessile way of life, as was formerly

believed by Goette in connection with hydromedusae. Taking

into consideration the well -founded supposition that the polyp

is the primary form, we must consider it as possible that the

broadened oral half had been separated by means of a trans-

verse division from the aboral half of the polyp which con-

tinued to live as a sessile animal. This oral half had simultane-

ously taken over the gonads and was transformed into a

medusa. We must therefore explain the mixture of charac-

teristic properties of the polypoid and medusoid forms that can

be observed in Lucernariidea, and that has been correctly

emphasized by numerous specialists (especially by Krumbach
and by Tochru Uchida, 1929) as being due to the fact that

the separation of the medusoid half had been secondarily

discontinued (we will meet something similar in Hydrozoa),

and that since then the medusoid form has become weU
enough adjusted to the life in the benthos so that finally

something new has been developed as a result of this amalga-

mation. The transverse division (not the budding) which takes

place but once, seems also to be a primary event; it can be

repeated after the passage of an interval of time; this can lead

finally to a quick series of multiple transverse divisions, a
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development which has been called a strobilation and which

can thus be considered as a secondary phenomenon. In the

blindly ending trend of the Lucernariidea, the monodiscal

strobilation without a separation has appeared as a con-

sequence of a regressive evolution.

Fig. 43. Two species of scyphopolyps with peridermal thecae,

A, Nausiihoe sp. (from Komai). B, ^^Tubularia striata" Vanhoffen
a solitary scyphopolyp of unknown systematic position; (after

Vanhoffen).

In this way Cubomedusae, or rather Carybdeidea, come into

the first place; they should be followed by Lucernariidea

(they have also been called, less fortunately, Stauromedusae).

The further sequence can remain the same as it now usually

appears in these classifications, i.e., Coronata, Semaeostomata,

and Rhizostomae. The polyp generation of the Coronata show
a few signs of primitivism as has already been mentioned
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(Fig. 43). The ending "-medusae" should rather be avoided

since in Scyphozoa there is— as far as we know on the

basis of our present research—not a single large systematic

group (e.g. an order) \\ hich includes the hypogenetic species

(i.e., the medusa forms) only. I have discussed this problem

at a greater length in another study (Hadzi, 1955 a).

No radical changes are necessary because of the new inter-

pretation of Cnidaria in connection with orders that belong

to Hydrozoa. The order Hydroidea has been, and still remains,

the basis order of Hydrozoa and there can be no doubt that

other orders had evolved from it. No primarily solitary hydro

-

polyps exist any longer. All those species that live now as

solitary animals, as well as those that do not have any ten-

tacles, are a result of a secondary development. For the present

two additional orders, besides that of Hydroidea, are sufficient,

i.e., Trachylina, as a group of all the hypogenetic species

which have been wrongly interpreted to be highly primitive

animals yet which are, in fact, highly specialized forms (just as

in the case of the benthonic Hjdra which occurs in the polypoid

form only); and Siphonophora. As for Trachylina, it seems

very probable that they evolved diphyletically, once as Narco-

medusae, and the second time as Trachomedusae. It can

therefore be expected that sooner or later it will become

necessary to make a sharper distinction between these two

groups of Hydrozoa if we continue to make taxonomic dis-

tinctions between two "sister groups" that had evolved

separately even if they look similar, because their evolutions

pursued two parallel ways and because their roots were closely

related to each other.

With regard to Siphonophora it can now be considered as

certain that they had evolved from the benthonic cormi of the

polypo-medusoid athecate Hydroidea (Had:zi, 1918, 1954).

They therefore represent the climax in the progressive evolu-

tion within the order Hydrozoa and thus also of Cnidaria as a

whole. In these the polymorphism is finally extended to the

medusoid form also. The individualization of cormi, the way
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to which had been prepared as early as in Anthozoa, finds its

climax in the Siphonophora.

It was in agreement with the old interpretation which believ-

ed in a progressive evolution of Cnidaria, that within the

Hydroidea, the Athecata w^ere considered quite generally and

Fig. 44. The progressive and regressive evolution of the hydro-

thecae. A, Hebella sp. B, L.afo'eina vilae-velehiti Hadzi, with oper-

culate hydrotheca; C, Haleciella microtheca Hadzi. D, Halarithus

adriaticus Hadzi, the theca has fully disappeared, and remains only

as the tonofibrilles. E, Hiigymnantha inquilina Palombi, a "thecate

hydroid" without the rest of periderm (A-D after Hadzi, E, after

Palombi).

without exception in comparison with the Thecata, as the

more primitive initial group. It was considered that since

Athecata have simpler forms that they must also be the more

primitive animals; at the same time soHtary species, and above

all Hydra, have been known as Athecata. There are no really

solitary Thecata, close to this state is only the species 'Eu-

gymnantha inquilina Palombi (Fig. 44). Furthermore, it is

known that the cormi of Thecata show a higher degree of

individualization than those of Athecata. Because of the new
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interpretation of the origin and the evolution of Cnidaria,

and also of Hydrozoa, we are forced to change the sequence,

i.e. we consider Thecata as the more primitive group ot Hydro-

idea. A whole series of facts make it probable that the rich evo-

lution of Hvdroidea had begun with the Thecata. First we
must imagine the most probable way in which the Hydrozoa

eventually developed from Scyphozoa. It may prove useful to

trace even further back in phylogeny, back to the origin of

Scyphozoa. The reader will remember that I derive the Scy-

phozoa, especially their polyps, from the so-called "creeping"

and therefore stolonate cormi of Anthozoa (probably from

some forms that stood closest to the ancestors of Stolonifera,

among the recent Octactiniaria) that had developed a cuticular

periderm, (which can be easily distinguished from the skin

high over their anthocodium, the head of the polyp; Fig. 43).

It was from the Scyphozoa, which had the polyp form only

and which did not vet produce a medusa generation, that

the equally stolonate and creeping cormi of Hvdroidea was

in aU probabilitv developed, £rst in the form of hydropolyps.

The personal part of the hydropolyp had been further divided

into the basal and undifferentiated stem and into the differen-

tiated head (hvdranth). The hydrotheca with its special form

had evolved in several directions from the undifferentiated

peridermal part, reaching its dimas in those species which

have an automatically closing cover lid (Fig. 44). During this

phase of the progressive evolution, the Hydrozoa already be-

gan to produce their medusae, a development which was

independent from the otherwise similar morphogenetic

process of the formation of medusae that can be found

in Scyphozoa— as has already been repeatedly emphasized

in the present study; in Scyphozoa the medusae formed by

means of a transverse division, and in the thecate Hydroidea

from the separated buds of hydranths. This also agrees

with the fact that quite generally budding as a consequence

of a prolonged sessile way of life prevails over transverse

division.
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The species (genera and families) with a more or less cylind-

rical or with a down-turned conic hydrotheca, with the for-

mation of medusae as individual buds, and without the theca

lid, should be placed at the beginning of the system of Hydro-

idea (e.g. Hebellidae). The subsequent evolution ot Thecata

diverged into several directions with a great variety in the

forms of thecae, with polymorphism, retrogression of the

medusa form, and with various forms of cormi which can

also include individualized forms (a secondary monopodial

growth). A special direction in evolution can be observed

in those species whose hydrotheca has been progressively re-

duced (fam. Haleciidae) so that finally these animals have

completely ceased to form a theca (fam. Campanopsidae). The
last remains of a former theca can be found in the so-called

tonofibrils which in the Thecata had provided an elastic connec-

tion between the basis of the theca and the hydranth (the so-

called luminous dots over the diaphragm which separate the

hydranth from its stem). This is how we can understand the

evolution of the Athecata from the Thecata. The possibility

cannot be completely excluded that the evolution from a thecate

to an athecate state did not occur once only, yet such a

polyphyletic development must be first specifically proved.

This is not the right place to discuss all the details. It should

suffice that we give here in a broad outline, a new and more

suitable system of Hydrozoa, as it appears ifwe view Hydrozoa

as animals that have evolved from Scyphozoa. The old systems

which are mainly based on the actinula hypothesis and which

try to avoid comparisons between hydromedusae and scypho-

medusae must now be abandoned. The classification of Cnida-

ria must be necessarily based on the morphology of the main

primitive form which is comm^on to all Cnidaria, i.e. that of

the polyp. The hypogenetic species that can be found both

among Hydrozoa as well as among Scyphozoa, are a result of

a secondary development. This development, however, had

followed two different lines which can be understood only

if we take into consideration the way that medusae had evolved
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in both these cases from their respective polyps. In Scyphozoa

again this development had pursued two completely different

paths ; in the first type of development the medusoid distal

half of the polyp had remained attached and this was followed

by a reduction and by a change of the medusa form. In the

second type the planula continued to exist in the plankton,

the polypoid generation has been omitted and it is in this

way that the scyphomedusa can develop directly from a pla-

nula. This second variant has been repeated in Hydrozoa—we
speak here of the hypogenetic species or even groups, using

the expression as it was proposed by Haeckel (Trachylina).

The Hydromedusae remain attached to their cormi because

here medusae are developed from the whole hydranth (and

not out of half only), and that by way of budding; these

medusae are afterwards changed into a more and more reduced

medusoid form which can finally completely disappear, the

polyp generation which was earlier sterile is now^ changed

into a sexual and the only existing generation.

The classification of Hydrozoa, and especially that of Hydro-

idea, w^hich tries to express the evolutionary path these

animals had taken, must be based on conditions that can be

observed in their polyp generation; yet at the same time it

must also take into consideration the younger medusa gene-

ration as regards the details of morphology. It is important

that we adhere, in our endeavours to work out the details

of this system, to the fact that Hydroidea do not include any

primarily solitary species, and that in these animals solitariza-

tion has been evolved several times, along several lines of

evolution (Fig. 45). This is not a theoretical supposition but it

can be also easily observed in the recent material (in the

so-called Limnomedusae).

It seems that three orders are sufficient for the division of

Hydrozoa, i.e. Hydroidea, Trachylinea, Siphonophora. Since

we. do not know which, taken geologically, of Siphonophora

and Trachylinea is the older (it is even possible that both of

them had evolved diphyletically), so it is the same if the first
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place is given to the first or to the second group. It was a retro-

grade step in the classification of Hydrozoa when the accepted

rank of order was given to two families by Hyman in spite of

the fact that this classification has now been found to be

erroneous; to Stylasteridae (they are valued by Stechow only as

Fig. 45. A few secondarily solitary hydropolyps. A, Hydra sp.

B, Protohydra sp. C, " Microbydra" -polyp of Craspedacusta sp.: D.
^^Haleremita"-polyp of Gonionemus sp. (after various authors.).

a subfamily), and to Milleporidae (which have also been degra-

ded by Stechow to the rank of a subfamily).

In spite of the fact that from our viewpoint there can be no

doubt that the Hydrozoa had inherited their tendency to

alternation of generations from their scyphozoan ancestors,

it seems nevertheless more probable that the ancestors of the

present Hydrozoa had separated from the ancient Scyphozoa

before the latter had developed their own medusa generation.
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Thus the typical alternation of generations, medusa: polyp,

had evolved twice, and each time from its own root. In spite

of the great similarities that can be observed in the forms and

basic organisations of scyphomedusae and hydromedusae—

a

fact which can be explained as due to the similarities that exist

in scyphopolyps and hydropolyps—there exist considerable

differences between the two medusa forms especially as regards

the way how they are developed. With the exception of the

secondarily acquired hypogenesis, we find that all the scypho-

medusae develop without any exception from scyphopolyps

by way of an unequal transverse division, while all the hydro

-

medusae develop equally, without any exception, by way of

budding. The division must be considered as the more primi-

tive form of the asexual reproduction, and budding as its

more advanced form. I wish to mention in passing that as

early as in the Anthozoa we can find in the higher subtype of

the Octactiniaria budding only as the form of their vegetative

reproduction while division prevails in the Hexactiniaria. In

the scyphozoan polyps budding prevails, yet transverse divi-

sion has been preserved in the formation of the medusa

generation.

It should be mentioned in passing that it is already time that

the hydroidologists as well as other zoologists adhere strictly

to the names Thecata (after Fleming, 1828), and Athecata

(after Hincks, 1868) when they speak of the two groups

of Hydroidea; they should avoid the awkward names Calypto-

blastea (or even Calyptoblastiques), Thecaphora, or the too

narrowly interpreted Campanulariidea (Stechow, 1922), Gym-
noblastea (Gymnoblastiques with the addition Hydroida),

Tubulariidea (Stechow, 1922). The double names : Thecaphorae-

Leptomedusae and Athecatae-Anthomedusae (after Broch,

1924) can also be dispensed with.

Capitata (Kuhn, 1914; Coryninea, according to Stechow,

1922) have been placed, within the group Athecata, in front of

Filifera or Bougainvillinea; this has been so because it has

been believed that the actinula with tentacles that had thickened
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ends represents the starting point not only in the evolution

of Hydroidea or Hydrozoa but also of Cnidaria as a whole.

It is quite possible that we have here two parallel lines of

evolution both of which end in very speciaHzed solitary forms

;

once with Hydrae, the other time with Branchiocerianthinae.

The Rank and the Position of Cnidaria

in the Animal Classification

According to our interpretation, Cnidaria represents a

blindly ending side branch on the main stem of Turbellaria.

The Cnidaria assume the position or the category (taxon) of a

class within the stem (phylum) of Ameria. Thus the three sub-

groups, Anthozoa, Scyphozoa, and Hydrozoa, are in reality

three subclasses. A graphic representation of this position and

of their division will be found in the final chapter of the

present study.

The Cnidaria with this, as we believe, well-founded, connec-

tion with Turbellaria to which we will later return, lose the isolat-

ed position they have enjoyed till now. It seems to us therefore an

exaggeration when they are given the rank of a phylum, as has

recently been done by Hyman, by Kastner, and by numerous

other scholars. I consider that the category (taxon) of a

phylum should be used less Hberally and that the number of

phyla must be limited to the absolute minimum. I will later

show that a very small number of recent phyla is in reaHty

fully sufficient (thus the Eumetazoa can be divided well enough

into four phyla). Usually we will find the taxon of a "class" to

be satisfactory.

As a welcome side effect of the new classification which

tries to avoid the high categories of Radiata and Coelenterata

(after the system by A. S. Pearson, the editor oi the Zoological

Names, etc., prepared for the Section of American Association

for the Advancement of Science, Durham, N. C, 1949), we
find that the whole animal system becomes considerably
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simplified. This has not only a scientific value but also a value

in teaching (Hadzi, 1952 a). We must discourage the use

of the group phylum Coelenterata (Leuckart 1848 after

A. S. Pearson) instead of Cnidaria, regardless of prioritv

which is anyhow not internationally binding in connection

with the names of the highest categories. I have already

emphasized that the notion, and thus also the category,

of Coelenterata— and correspondingly the opposite notion

of Coelomata— have now become completely superfluous

because they do not find support in the natural facts. They

must now take their place in the archives. If we have to dis-

miss the group Coelenterata then we must also necessarily

abandon the group which represents the opposite to Cnidaria

and which has been given the name of Acnidaria. These are in

reality Ctenophora that constitute a class of Ameria, which has

the same rank as Cnidaria because they had evolved from

Turbellaria parallel to, and independently from, Cnidaria.

The Cnidaria, together with Turbellaria, Ctenophora, Trema-

toda and Cestoda seem to be somewhat more closely connected

because of one important common property, and that is that

they all are aproctous animals, i.e. their digestive tract does

not possess a primary anal orifice. In spite of this it is unneces-

sary to establish a special category which would include all of

them and to give it a special name. In practice the usual pair

Aprocta-Euprocta can be well enough used in comparative

morphology.

It is unfortunate that, even recently, attempts have been

made to use for systematic purposes such an antiquated notion

as that of Radialia (or some similar ones) even if it appears

with a somewhat changed scope (e.g. without Echinodermata).

This attempt has been made, by Beklemischev (1958) who
classifies Ctenophora as Acnidaria among RadiaUa. In both

cases the radial symmetry, which is usually partial only, had

evolved, as has been already shown, secondarily from the

bilateral symmetry. Moreover, the structure of Ctenophora

is in realitv bisvmmetric and not radiallv symmetric. Parallel to
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the necessarv abolition of the notion Radialia (or Radiata) we
must also abandon the opposite notion of Bilateria. The

structure of all Eumetazoa was originally bilaterally symmetric

and it was secondarily only, usually as a consequence of a

prolonged sessile way of life, that they have developed a more

or less explicit inclination to the radial symmetry.

Each change of the animal system, especially when it in-

volves the higher systematic categories, is unwelcome and

scholars wiU therefore try to avoid it. Yet if we endeavour to

develop a natural system we are obliged to change this system

until it agrees with facts and with the interpretations that are

based on them. It is all the better if a simplification of this

classifacition appears as a result of our endeavours.

Discussion of the New Interpretation of the

Evolution of Cnidaria

The division of the taxon Cnidaria— regardless of the system

category which should be attributed to it—into the next lower

units, has been so firmly accepted by expert zoologists and by

others, in the sequence Hydrozoa ^ Scyphozoa -^ Anthozoa

that no attempt will be easily accepted which tries to change

this sequence. This is, in mv opinion, not only a consequence

of an otherwise healthy conservatism which suggests caution;

it is also due to the fact that the suggested change of a widely

accepted sequence has not been supported by a discovery

of, for example, a "Hving fossil," or at least by some

special new facts. The majority of zoologists have been influ-

enced even more by the consequences which this new inter-

pretation implies, than by the first two motives.

In spite of the fact that the first pubHcation of my thesis

appeared as early as in 1944, the new sequence of the groups

of Cnidaria has not found acceptance, as far as I know, in

any manual or text book on neozoology. It should be re-

membered here that some palaeozoologists (Schindewolf, 1950;

17
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Kiihrj, 1939) have emphasized even before the publication of

my study, that the Anthozoa with a primary bilaterally symme-
tric organization should be regarded as the most primitive

Cnidaria, even if these scholars did not use quite the same

words. To the best of my knowledge there were only a few

neo-zoologists who, prior to the publication of my studies,

expressed the idea of a primitive character for bilateral sym-

metry in Anthozoa; thus Haacke (1879 and 1893) who
suggested, that the primitive gtoup "zoophyta" were bila-

terally symmetrical, and that radial symmetry had developed

due to the transition to the sessile way of life. F. Pax (1910),

an expert in Anthozoa, must also be mentioned; he wrote

very cautiously, and limiting himself to Anthozoa, as fol-

lows, "Man konnte daher geneigt sein, die Aktinien von
fusslosen, kriechenden oder grabenden Formen mit bilat-

eraler Symmetric abzuleiten, die spater mit dem Ubergange

zur festsitzenden Lebensweise eine radiale Symmetric er-

worben haben." Pax believed that the subsequent evolution

depended on the type of development of the aboral end of the

animal body (whether a foot disc was present or not). In the

study on Hex^corallia which was written by Pax and which

appeared in the large German work Handbtich derZoologi; (edited

by Kiikenthal-Krumbach), Pax did not express this his opinion,

clearly because he had to comply with the systematic division

that had already been determined by the editors. In 1954

Pax agreed entirely with my suggestion.

Jagersten (1955 and 1959) has accepted my views regard-

ing the priority of Anthozoa. It is true that Jagersten did

not do this as a cnidariologist, nor for the reasons which have

induced me to consider Anthozoa as the first group of

Cnidaria, but rather because he has found my interpretation

suits his theory of a bilaterogastraea, a theory which I will

return to later. Marcus (1958:26) adopts the interpretation we
find in Jagersten's work.

Kastner, even if he is under the influence of the fascinat-

ing ideas that had been formiulated by Haeckel, has never-
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theless written in his most recent "Lehrbuch der speziellen

Zoologie" (1:92) the gratifying note that it is "keineswegs

entschieden, ob die traditionelle Reihenfolge Hydrozoa,

Scyphozoa, Anthozoa der Stammesgeschichte entspricht, und

ob die Coelenterata stammesgeschichtHch die Wurzel der Bila-

teria bilden oder einen friihen, blind endigenden Seitenast der

Eumetazoa."

It was in the form of rhetoric questions only that Ulrich

(1951:260) expressed his support of the idea of the primitive

character of Anthozoa within the frame of Cnidaria. These

questions refer to actual difficulties one meets if one tries

to consider the Hydrozoa as the most primitive Cnidaria.

Ulrich concludes his discussion of the problem with the obser-

vation, "lassen sich alle Schwierigkeiten recht gut beheben,

wenn man die Evolution des heutigen Cnidarienmaterials

nicht als progressiv, sondern als regressiv beurteilt." Simulta-

neously Ulrich promises a special work which will discuss this

theme; to the best of my knowledge, however, nothing

has so far been published.

Remane, too, is undecided when he writes on Cnidaria

in the extensive Handbuch der Biologie which is still being

published under the editorship of L. von BertalanfFy. In the

text Remane preserves the traditional sequence of the

three classes of Cnidaria. In the final paragraph ("Phylogenie,

Systematik"), however, Remane states as follows, "Den

phylogenetischen Zusammenhang der drei Klassen Hydrozoa,

Scyphozoa und Anthozoa kennen wir noch nicht . . . Wer der

einfacheren Organisation hohe stammesgeschichtUche Bedeu-

tung zumisst, wird die Hydrozoen als primitivste Gruppe

betrachten, doch lassen sich mit gleicher Berechtigung auch

andere Auffassungen vertreten." We can see the reverse

sequence—whose correctness I have tried to prove— to be

more justified in the fact that later Remane himself has

made a more positive statement in favour of the new inter-

pretation (Remane, 1960). On the basis of a statement made

by Steinbock (1958) and according to w^hich Coelenterata as

17*
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well as the oldest Metazoa as a whole had been bilaterally

symmetric animals we can think Steinbock, too, considers the

Anthozoa as the most primitive Cnidaria. I think that I am
justified to include Sir Gavin de Beer among those prominent

zoologists to have repeatedly evaluated positively my sugges-

tions regarding the evolution of the Cnidaria (1948, 1951, 1958).

The Probable Origin of Cnidaria

We come now to the question of what the origin of Cnidaria

could be if w^e declare the Anthozoa as the most primitive

Cnidaria? Is it impossible to change the now prevalent opinion

according to w^hich the Cnidaria evolved as the lowest Eume-
tazoa from some colonies (cormi) of Flagellata by way of the

three stages moraea-blastea-gastraeaPThis second question also

remains if we take into consideration other initial forms, e.g.

a placula, a parenchymella, a parenchymula, a planea, a planula,

a phagocytella, etc., instead of a gastraea; all these forms are

in reality variants only, which do not differ in principle from

the classical form even if they are held in high esteem by a

number of scholars.

At first, one feels inclined to say that a reversion of the

line ot evolution ot the three subgroups of Cnidaria is incom-

patible with the traditional derivation of Cnidaria from an

ancestral form similar to a gastraea. The difference between

such a form and an anthopolyp seems to be too great and a

more extensive change of the old interpretation seems to be

a necessity. So tar there have been, to my knowledge, two

attempts only to overcome these difficulties. The first such

attempt was made by Remane (1920), and the second by

Jagersten (1955). The motives for such attempts lay in

both these cases outside the sphere of the comparative

morphology of Cnidaria; both were closely connected with

the problem of the formation of the coelom. Remane
adheres in his interpretation closer to the old concept. He



NEW INTERPRETATION OF CNIDARIA 249

finds the primitive form in an "Urcoelenterate" with four

gastral pockets and thus with a radial symmetry; yet at the

same time he admits the possibility that this "Ausgangsform

der Cnidaria vor ihrer Festsetzung einige bilaterale Ziige des

Baues schon besass." Jagersten, on the other hand, constructs

a completely new initial form which he calls a "bilatero-

gastraea" (Fig. 55). This, at first sight, original and

ingenious construction, however, has all the characteristics

of a so-called "suitcase theory" (Kofjertheorie). Jagersten places

into this constructions all those elements which he afterwards

needs in his subsequent derivations. This is clearly a combina-

tion of the gastraea theory as it had been proposed by Haeckel

(Jagersten [1955:333] himself admits that it is a "modification of

Haeckel's theory"), and of the enterocoele theory as it had been

proposed by Sedgwick, with the addition of an otherwise sound

idea which had already been supported by several other scholars

that the structure of the primitive form had after all been

bilaterally symmetrical, and that this form as such had crept

over the bottom of the sea. The construction as it has been

proposed by Jagersten show^s therefore numerous advantages

over the interpretation as given by Remane. Yet if we
look at Jagersten's bilaterogastraea from a somewhat dif-

ferent angle we find in it a similarity to the primitive Turbel-

laria, a similarity which Jagersten himself failed to notice.

Jagersten had to overcome both great and small difficulties

when he derived all other larger types of Eumetazoa, includ-

ing sponges, from this bilaterogastraea. These difficulties force

him to take refuge in a very large number of speculations

(it is quite true, however, that we cannot avoid speculating

to a certain extent). We miss among these large types (Cnidaria,

Ctenophora, Coelomata) a direct derivation of the actually

coelomless Coelomata which do not possess an anal orifice

(by a coelom we understand in reality a perigastrocoele and

not a gonocoele). Jagersten, however, mixes up these two

notions ; he believes the enterocoele theory to be changed

now into a gonocoele theory, as he states this himself
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(1955:353) The final result of all this is that the intestinal

pockets become at one time an enterocoele (= perigastrocoele),

and another time a gonocoele (in a large number and without

any actual order in Nemertinea). This, ho\\ever, is not the

right place to make an analysis of the other statements that

have been made by Jagersten.

A criticism of HaeckeFs concept of the origin of Cnidaria

must naturally be extended to the modifications of the

same concept as found in the works by Remane and by

Jagersten (together with Naef); they have both preserved

Haeckel's basic ideas. The situation becomes even worse,

because we find here, in addition to the old mistakes, a new

blunder also, i.e. the idea of a colonial origin of Eumetazoa

(Coelenterata); moreover, the old idea of enterocoely is

here found transferred to an earlier phyletic stage in order

to preserve the validity of Haeckel's so-called "fundamental

biogenetic law" and of the gastraea theory, while at the same

time not a single real argument is given by the author which

could support his suggestions. The only progress which can

be found in Jagersten's interpretation, if it is compared with

similar older combinations, lies in the fact that he believes

in an early transition of the "blastea" to a life on the sea

bottom and, in connection with this, in a transformation of

the form of its body in the sense of a bilateral symmetry

(this constructed primitive form has therefore been called by

the author a bilaterogastraea*).

The main difference which exists between Jagersten's

standpoint and the interpretation proposed in the present

study is that we both come to the conclusion that it is neces-

sary to reverse the phylogenetic sequence of the subgroups

of Cnidaria while at the same time we have both begun

* Prof. O. Steinbock has kindly called my attention to the fact that

as early as in 1874 Haeckel had suggested that some gastraea which had

sunk to the sea botton began to creep over the substratum and in this

way had developed bilateral symmetry; it was called by Haeckel a gastraea

bilateralis (repens).
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our research from two completely diflerent starting points and

motivated by two different aims. Jagersten wishes to improve

and therefore to save the old concept, and in this he finds

an obstacle in the old interpretation of the evolution of

Cnidaria; this induces him to reverse the direction of the

evolution of Cnidaria. I, on the other hand, have started

my research with a study of Cnidaria; facts which had

already been known have induced me to submit to a revision

of the connections that exist first among the Cnidaria them-

selves, which was followed by a study of the relationship

connections among Coelenterata, and finally among Metazoa.

Ultimately, this has led me to a new interpretation of the evolu-

tion of the animal world. As a result I have found that it has

become necessary to make much more radical char ges in

the present interpretations (starting with a reform of the

system of Cnidaria) than those changes that have been propos-

ed by Jagersten and by other well-known zoologists.

Jagersten, and Remane before him, have only made the

situation increasingly worse. This has happened in such a way

that on one hand the contrast between a primary mesenchyme

and a secondary coelothelium (mesoderm s.str.) which was

previously quite unpleasant, has now become all the more

acute; and, on the other hand, the uncertainty regarding the

groups of Ameria which do not possess an actual coelom

s. str. (perigastrocoele) and even less a metameric perigastro-

coele has become all the more evident. Jagersten could not,

as it seems, accept unreservedly a solution, dictated by this

situation, of a large scale retrogressive evolution while at the

same time Remane finds himself obliged to admit such a

possibility. Jagersten remains silent about all this while at

the same time he promises a special study; yet to the best ofmy
knowledge no such study has not appeared so far. It would have

been better if Jagersten in order to remain consistent, had gone

further and connected his bilaterogastraea with the Entero-

coela, since it is clear that Annelida are Ecterocoela. It is

improbable, because it is unfounded, that a retrogressive
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evolution of freely moving animals could possibly have

reached the extent that Remane, and even more so

Jagersten, are obliged to construct. The problem of the

"mesoderm" becomes complicated beyond any solution (see

p. 100 in Jagersten's study, 1959). Jagersten will finally be

obliged to admit the existence of a coelenterate type, and

this in an even wider scope than was previously done by

Haeckel, who even classified Platyhelminthes among Coelen-

terata. This is more consistent since Platyhelminthes are

in reality not Coelomata in the usual sense of the word;

see in this connection Jagersten's discussion of Xenotur-

bella (1959:101). The uncertainty Jagersten finally feels can

be seen in the fact that in his diagram (1955: Fig. 8, p.

352) he does not use the notion and the category of

Coelenterata in opposition to Coelomata—he only mentions

Cnidaria and Ctenophora. In a more recent publication

(1959:101) he quite misleadingly classifies Xenoturbella among
Coelenterata, yet in the same paragraph he also speaks of the

"so-called coelenterates."

It is not important that I have been the first neo-zoo-

logist who has (earlier and independently from Jagersten)

come to the conclusion, on the basis of a study of comparative

morphology, that the Anthozoa had evolved as the earliest

form of Cnidaria. The important thing is that I have come

to this conclusion by means of a study of comparative

morphology while taking into consideration the ecological

conditions. Because of this new situation it has become neces-

sary to try to find the probable origin of Cnidaria: it was

in this way that new problems arose and that a whole new

sphere of research has been opened.

It was clear from the very beginning that the old concept

can be used no longer in this new situation, even if it has

been used so long without any reservations in spite of the

fact that there have been numerous well-known zoologists

who have expressed doubts about the foundations of the

same concept, such as is the so-called "fundamental biogenetic
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law " as it was formulated by Haeckel, and the hypothesis

that the polycellular animals had evolved from some colonies

of monocellular animals. In this situation it was most obvious

to think first of the Turbellaria. The Turbellaria have been in-

terpreted by almost all zoologists and above all by experts in

Turbellaria, as "Coelomata" with a primarily primitive struc-

ture. The zoologists who represent an exception here are

those who adhere to the enterocoele theory, i.e., those who,

like Sedgwick, try to deduce the metamery of Eucoelomata

from the cyclomery of anthopolyps. The typical Turbellaria,

however, i.e. the higher Turbellaria which stand above the

Acoela and which are usually taken into consideration by

zoologists when Turbellaria are mentioned, seem to be more
highly developed than Cnidaria because of their organization

and above all because of their extremely complex herm-

aphroditic genital apparatus. For all these reasons it appeared

as an alm.ost hopeless task to try to derive the Cnidaria from

the Turbellaria.

This situation, however, changes quickly when we take

into consideration the frequently noticed fact that here we
have a case of a transition from the freely mobile to a sessile

way of life. Take for example Endoprocta (Kamptozoa),

Ectoprocta (Bryozoa), etc. Even among the Turbellaria

themselves the sexual apparatus shows a high degree of

variabiHty and there are some recent species of Turbellaria

with a very simple genital apparatus. We are therefore fully

justified in concluding that the possibilities of negative muta-

tions had existed at the time when the ancestors of Cnidaria

first evolved from the old forms of Turbellaria. It should

be mentioned in passing that a reduction of the genital

apparatus did not take place in individual cases of parasitism

(e.g. in Fecampia) that can be observed among the more

highly developed Turbellaria, but also in several cases of

Ameria whose development from Turbellaria can be considered

as more than probable (e.g. Nemertini, Gastrotricha, etc.).

Such a reduction took place even while free mobility was
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preserved. It has already been show n that the last traces of

the hermaphroditic state can still be found in Anthozoa. It is

probable that Cnidaria branched off from their turbellarian

ancestors even before the same was done by Nemertinea and

by Gastrotricha.

It has already been shown that all the differences that exist

between the anthopolyps of the Cnidaria and the Turhellaria

can be divided into two groups: the first group includes those

changes which had been brought about by the transition to

the sessile way of life usually characterized by some kind of

reduction, and the second group which, though connected

with the sessility, must be interpreted as a result of a prog-

ressive evolution (cnidae, tentacles, strong contractility, etc.).

All these properties can be found developed earlier than in

Cnidaria, even if then only to a lesser degree.

In view of the fact J:hat there is now hardly a single zoologist

who could doubt that the Turbellaria represent the starting

point in the evolution of many other animal types, it may
be possible to accept at least as a possibility that Cnidaria,

too, had evolved from some turbellarian ancestors, provided

that the anthopolyps are the most primitive among the

free and solitary polyps of Cnidaria. There are now few

experts in Turbellaria who still support the interpretation which

sees in the acoelous Turbellaria as well as in the Turbellaria

as a whole, a result of a retrogressive evolution. The most

prominent among these scholars is Marcus, a well-known

expert in Turbellaria, who goes his own way in his inter-

pretations of the phylogeny of the animal world (E. Marcus,

1958:52, Fig. 1). It would take us too long to investigate his

opinions in detail here. He and I speak two different langu-

ages, and his line of thought remains unintelligible to me
(e.g. when Marcus considers the larvae of Anthozoa to repre-

sent a special animal group; or, when he refers, on one hand,

to a similarity between the form of cleavage in Ctenophora, and

on the other in the ctenostome and cheilostome Ectoprocta,

which he prefers to call Bryozoa). Marcus too, it seems.
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considers my interpretation as undiscussable, for he maintains

a complete silence about it; it is improbable that my inter-

pretation could have remained unknown to him since he must

have read at least my article which appeared in Systematic

Zoolog}!.

When we have suceeded in suggesting that it was at least

probable that the Cnidaria, with Anthozoa as their first group,

had evolved from Turbellaria, we soon meet a new problem,

i.e. which subgroup ofTurbellaria can be considered as the clo-

sest relation of the Cnidaria? In our attempts to solve problems

where the theoretical or logical conclusions cannot be avoided

(they can also be called speculations) we must be constantly

aware of the fact that the animals concerned had long ago

ceased to exist, that the information at our disposal covers

the recent animals only, that no transitional forms are avail-

able, and that nothing is known of a possible existence of

some other "side branches" which have now disappeared

without leaving any trace. We must be content with the

determination of the deg "ees of probability.

Initially we were helped, by the fact that among the recent

animal groups we do not find progressive and specialized

species only, but also some more primitive forms. The

possibihty of arriving at a correct solution of such a problem

is therefore not quite so small.

Scholars, in their earlier endeavours to make phylogenetic

deductions, have tried to go far back and to identify indif-

ferent initial forms or ancestors. The planula hypothesis can

be mentioned here as a typical example which is at the same

time closely connected with our problem itself. It was conclud-

ed, under the influence of the so-called "fundamental biogene-

tic law" that a polycellular organism had originally existed,

similar to a planula of Cnidaria; and that it had evolved from

an equally hypothetic gastraea which itself was considered

as a possible starting point for the evolution of three groups

of Coelenterata: Spongiaria-Cnidaria-Ctenophora. It was the

third group only which had formed the basis for further
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progressive evolution in the direction of Coelomata. There

are many zoologists who still adhere more or less to this

interpretation. In our case we should attempt to derive the

Cnidaria from the lowest Turbellaria, thus from Acoela. Yet

even a slightly closer comparison shows that this cannot be

made. Anthopolyps— taking into consideration the solitary

forms only—have a much more highly developed organization

than the Acoela, even if there are some recent species of Acoela

which already possess a complex genital apparatus.

Among the Turbellaria we must search for forms that had

later evolved into Anthozoa among those groups that are

already more highly developed than the Acoela. A completely

unjustified accusation has been made by Remane (1960) who
states that I wish to derive the Cnidaria from the Temnocephala.

I have never either mentioned or maintained anything of this

kind (cf. Hadzi, 1958 a). On the other hand, I see in the Temno-
cephala with their one-sided specialization, an instructive ex-

ample, in effect an experiment made by Nature, which

shows what can and what must evolve from an animal type

when a species that reached a certain level in its organization,

abandons the creeping way of life and begins to live as a semi-

sessile animal. The Temnocephala are Turbellaria that are

closely related to Rhabdocoela; in all probability they had

evolved from the latter. Matjasic even considers that they

are still similar enough to the latter so that they can still

be classified among Rhabdocoela. The Temnocephala had

become specialized as epizoic animals and have therefore

ceased to creep by means of their ventral surface covered

with cilia; they have assumed an erect position and at the

same time they have developed a special disc at their aboral

end, by means of which they attach themselves to the sub-

stratum; their oral orifice has been transplaced to the anterior

end of the animal (now to its upper end). An initially solitary

pair of tentacle -like excrescences has been polymerized. The
ciliation has been reduced due to the fact that they move
actively by means of body muscles, and their skin has become
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protected with a cuticle which serves as a means of defence

and support.

In all probability the Temnocephala have preserved their

free mobility because of their epizoic way of life, and in this

they differ greatly from Cnidaria. The recent researches that

have been made by Matjasic (1959) have shown that this

free mobility can even be very active. It is due to their free

mobility that Temnocephala have also preserved their ability

to pair; this is the reason why we can still find in Temno-
cephala the typical complex turbellarian hermaphroditic genital

apparatus, while the same has been lost in Cnidaria which

have evolved into purely sessile animals.

I believe that I am not wrong when I conclude, on the

basis of well-known facts, that phylogenetically (and also

geologically) the Temnocephala must be younger than the

Cnidaria. The Temnocephala can still be considered as Tuibel-

laria; they had branched off from their rhabdocoelan ancestors

and have finally developed into a new subtype, into a new
order. They are therefore not related to Cnidaria in a direct

line ; they rather represent a parallel development to the

evolution of the latter, a development which can nevertheless

prove helpful in our attempts to understand the way the

Cnidaria had evolved from their turbellarian ancestors.

The case of Temnocephala can thus serve us as a kind of

pattern. In spite of objections made by several zoologists,

and above all by Beklemischev and by Reisinger, we will

suggest that like a temnocephalian the primitive anthopolyp

had raised, first for a briefer period, and later permanently,

its posterior end w^hich is now its aboral end. The oral orifice

which was originally placed on the ventral side, even if in

the anterior part of the body, has been transferred to a purely

terminal position when the animal began to be attached to

the ground. The Temnocephala had thus repeated the first stage

in the older evolution of Cnidaria; yet here they have stopped,

or rather they have evolved further in their own direction

as epizoic, or let us better say, as ectoparasitic animals. They
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have remained strictly individualized, i.e. they have not

adopted asexual reproduction.

There were probably times when tl e Acoela were the only

Tarbellaria in existence; at a somewhat later date the Acoela

appeared together with the younger (let us call it) eucoelous

subtype which had already been equipped with a distinct

intestine. There can be no doubt that those recent Turbellaria

which stand closest to this younger form are now classified

as Rhabdocoela. We will therefore call these hypothetical

ancient Turbellaria as "rhabdocoeloid Turbellaria," in order

to avoid in this way the accusation that we wdsh to derive

one recent form from other recent forms. We will therefore

avoid the problem whether these rhabdocoeloid Turbellaria

would already be called Rhabdocoela by an expert in Tur-

bellaria, or whether he would give some other name to

them as, for example, Prorhabdocoela; such a problem is not

important.

Regardless of whether the Turbellaria have been considered

as primarily primitive animals—which is certainly a more

probable interpretation— or whether they have been viewed

as arimals with a secondarily simplified organization which

is a result of an eventual retrogression, it has nevertheless

been usually thought that various other "lower worms" and

not only Platyhelminthes had evolved from the older tur-

bellarian forms. A majority of zoologists (let us hope that

in the near future they will be followed by the others) consider

the Turbellaria to be primarily primitive animals; they can

thus easily imagine how ages ago these Turbellaria, together

with some Protozoa, were the prevalent animal forms which

represent the starting point of the whole subsequent evolu-

tion of the eumetazoan animal w orld. It is therefore quite

natural that we also try to derive the Cnidaria from these rhab-

docoeloid Turbellaria which have shown such an exceptional

ability to evolve. At the same time it has been necessary to

dethrone the Cnidaria, with Hydra in the front row, from the

position they had in the animal system. The Cnidaria have
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to abandon the first place in the animal system, and thus the

starting point of the subsequent progressive evolution; they

must yield this place to such unrepresentative worms as the

Turbellaria which creep by m.eans of their bellies. The concept

which sees in Hydra as well as in all Hydrozoa the most

primitive forms of Eumetazoa among all the recent species

has been the main obstacle to the reception of our inter-

pretation.

It is quite unimportant what name we give to the supposed

turbellarian ancestors of the present Cnidaria; this is even

more true since there are still considerable shortcomings in

the classification ofthe recent Turbellaria so that it is constantly

necessary to change the classification. It can only be stated

with full certainty that the direct ascendants of Cnidaria had

already possessed an intestine with an ectodermal gullet and

that they had no intestinal diverticula; that instead their intes-

tine had developed a tendency to form longitudinal folds.

The Larvae of Cnidaria

This may be now the best place to discuss in more detail

the formation of larvae in Cnidaria as well as their possible

phyletic significance.

According to a generally valid rule, the larval stage is

usually developed in the ontogenies ot benthonic animals,

and above all in animal types that live in the sea, as sessile

animals. This larval stage lives regularly in plankton. It is

therefore a case of a typical and probably also of the oldest

and of the most widely accepted deviation that can be observed

in the ontogenetic process. The ecologic significance of this

stage is clear and it does not need any further discussion,

while at the same time there is even now no unanimity among
the zoologists regarding the phyletic significance of larvae.

During the flowering of comparative embryology (which

should be rather called ontogenetics), and under the fresh
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influence of the Theory of Evolution when everyone was

eager to find further proofs of the descendence theory, scholars

became convinced that these larvae must represent something

more than a transitional stage only in the individual ontogenies.

Following the example of Darwin, Miiller, and Haeckel, schol-

ars became used to the concept of recapitulations. Yet here

they have made a mistake which appears rather insignificant

at first sight and which has been afterwards pointed out by

several critics, above all by Garstang. On one hand they have

confounded the repeated (yet changeable) ontogenetic stages

with the adult forms of ancestors, and on the other hand they

believed in a recapitulation not only of individual charac-

teristic properties of the ancestral embryos and of larvae but

also of whole ontogenies or at least of whole stages as such.

These methodological blunders have proved fatal. A large

amount of honest and intensive work was made completely

useless. Numerous theories and hypotheses were proposed

and courageously defended which were built on the basis of

the so-called "fundamental biogenetic law." As an example,

I wish to mention here the famous trochophore theory as it

was formulated by Berthold Hatschek, an ingenious zoologist

and my greatly admired teacher. Yet in spite of all this, these

theories can still contain some useful elements, they still have

some element of truth in them. There can be no doubt that

recapitulations take place and that the comparative morpho-

logy of larvae can prove as useful and informative for our

phylogenetic speculations as is the comparative morphology of

embryos; provided that it is taken from the right angle and

that the probability of true recapitulations is kept within

limits. Mistakes of the old type continue to be made down
to the present day as can be seen in the case of Endoprocta

(Kamptozoa) that have been united with Ectoprocta into a

new group Bryozoa because of certain similarities that can

be observed in their larvae.

There have been three main reasons which induced

scholars to see in larvae a recapitulation of an ancestral form.
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First, we see that larvae which belong to large, and not in-

frequently even to very large, animal groups, can have a very

similar form and structure. Secondly, the organization of these

larvae is almost always simpler (exceptions, however, can be

found almost ever}^vhere in the field of biology); larvae are

therefore believed to be closer to their supposed ancestors.

Thirdly, not a few cases have been known where there can

be no doubt that certain characteristic properties can be found

in larvae, or in embryos, that are also know^n to occur in

their supposed ancestors; while at the same time these proper-

ties can be found no longer, or at least no longer function,

in the corresponding recent grown-up forms.

We do not intend to make here a detailed analysis of the

problem as to what can be understood as a larval stage. It is

certain that the distinction must be made of very different

orders of larvae (primary, secondary, possibly even younger),

i.e. larvae can be developed from various stages in the deve-

lopment of embryo. This takes place in such a way that any

such stage begins to evolve in its own direction, and it adopts

its own system of feeding which is usually not parasitic. There

are, however, also some parasitic larvae; the problem remains

open whether there exist any sessile larvae: and it seems that

such larvae can be found among the Echinodermata, the Penta-

crinus stage of the Comatula. A necessary transformation

by means of which the animal endeavours to reach the organ-

ization and the way of life of the adult form is the consequ-

ence of such a development. A radical metamorphosis fre-

quently becomes necessary in these cases.

We are finally able, after prolonged and repeated discussions,

to make a more uniform evaluation of the morphologic

significance of larvae and to use it correctly for phyletic

purposes. At all events, it can be stated that similar larvae had

been evolved quite independently along several lines of evolu-

tion by sessile sea animals. Convergence has played an

important role; it was brought about by the adaptation to

a planktonic w^ay of life. It can be maintained that one of the

18
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worst mistakes that have been committed in the history of

the comparative morphology and of the phylogenetics (and

which is, unfortunately enough, still made) has been the

attempt to use these changes in the ontogenies as a basis

for phylogenetic speculations and simply to transfer these

ontogenetic and morphogenetic processes into the phylogeny

of the adult forms. This has been done in spite of the numer-

ous cases where it is obviously impossible that an organ or

an orifice (e.g. the anal and oral orifices) had originally evolved

in the same \^ay as it is now^ developed in the ontogenies.

I mention here as an example the pilidium of Nemertinea.

Who could think even for a moment that the "formation

of a worm" as it can be observed in connection with the

pilidium could be at the same time a recapitulation of an

ancestral form? Ho\\' can it be certain, or at least probable,

that we have a recapitulation when one and the same organ

or characteristic property can be found in such widely dif-

ferent forms in the ontogenies of closely related species, or

even (as has already been mentioned, see p. 21 1) in the ontogeny

of one and the same species; especially when it occurs in a

way w^hich cannot possibly be reconciled with the way of

life of the adult ancestral form (e.g. the coalescence of the so-

called primitive mouth, and the new formation of an anal

or oral orifice in the same place)?

What is then the situation in connection with the larvae

of Cnidaria? We can state that no genuine and generally

occurring planktonic larva has actually been developed by

the Cnidaria (Fig. 46). The Planula which is the most fre-

quent form has usually been interpreted, as well as acti-

nula as the (ontogenetically and phylogenetically) "young-

er" larva. Besides these there are also som.e other larval forms,

the cerinula, the ratarula, and the siphonula which can be

met with within the limits of some smaller groups. In no

case can we find among Cnidaria a more highly developed

larval type whose subsequent development would be subject

to a metamorphosis as this is the case, even if to a small
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degree only, with the larvae of some Polycladida, among the

Turbellaria (Goette-Miiller's larva).

It is hardly correct to use the word "larva" when we speak

about the planula. A planula is in reaUty only a sHghtly more

accentuated stage ot development which is unable to feed

Fig. 46. Some examples of planktonic larvae of the Cnidaria.

A, longitudinal section of a planula with gastral cavity (Gonoihy-

rea sp., after Wulfert). B, a solid planula. C, actinula of Tubularia

sp. (after Hyman). D, later actinula of a narcomedusa (Pegantha

sp., after Bigelow.) E, cerinula of a ceriantthide larva {Arach-

«<2f//x dz/^/VdZ after Vanhoffen).F-G larvae of unknown zoantharians

Zoanthina sp. and Zoanthella sp. (after Senna). G, siphonula, a caly-

coforean larva (Galeolaria sp.) (after Metschnikoff).

independently and which is therefore not fit to live long

in the real plankton. Its function, with a few exceptions, is

clearly to settle down not far from the place inhabited by its

"parents" and to develop into a new primary polyp. The

absence of an oral orifice and of an intestine which can be
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observed in the planula is a primary phenomenon, in compa-

rison with numerous Ectoprocta where the same phenomenon
is clearly a result of a secondary development. No meta-

morphosis is necessary for the further development of the

planula. It is well known that in a few aberrant cases the

planula does not develop directly into a polyp, but rather

into an actinula or into an Anlage of a cormus.

The question finally arises whether this planula could

represent a recapitulation of an ancestral state? Our answer

must already be negative for reasons of principle alone. More-

over, such a creature is clearly unable to live as an independ-

ent organism because it has neither a mouth nor an intestine.

We would be obliged, if we tried by all means to see in a

typical planula a recapitulated ancestral form, to make further

suppositions, and explain above all the absence of a mouth
and of an intestine as secondary phenomena. This would

finally lead us to the question what had been the reason that

such a development had taken place. It should be mentioned

in passing that this planula in no w^ay corresponds to a gastrula

(nor does it correspond to a gastraea) ; its contents is not a

"pure" entoderm such as is known in a gastrula, but rather

a mixture of entoderm and of the mesohyl (mesoderm), and

thus an entomesohyl. The planula is therefore not a coelenter-

ate larva.

In the Anthozoa, which we consider to be the most primitive

Cnidaria, a trend can be observed which tries to prolong the

free life in the plankton of the younger stage of their develop-

ment. Two main lines of evolution can be identified in this

connection, if we disregard a possible third line of evolution

where the free stage no longer leaves the benthos, a case

that can be observed in some Zoantharia (Rakovec, 1960).

In Ceriantharia a real beginning can be observed of the

subsequent progressive evolution of the plankton stage which

has even induced scholars to give special names to this stage

(cerinula, cerianthula, etc.). Unfortunately, little is known of

the subsequent development of these already specialized larvae.
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Frequently an "actinula" is developed also by other species of

Anthozoa; it represents a more progressive stage in the

development towards an anthopolyp whose most important

requisites can already be found here during the life in free

water (the mouth together with gullet [pharynx], septa, ten-

tacles). Hardly any development can be observed in special

larval organs (e.g. in the tuft of sensory cilia that occur at

the aboral end of larvae). We have here a prolongation of the

plankton phase only, or an early development in the direction

of the adult state. Neither can we speak here of a metamor-

phosis (the primary tentacles are not, as it seems, abandoned).

The occurence of a true actinula is limited to Anthozoa.

The form which has been developed by Hydrozoa and which

has also been called an actinula is not identical to a genuine

actinula and it should be given a different name (perhaps a

hydrula). The latter form has neither a gullet nor septa; it

has only an oral opening, and intestinal cavity, and few ten-

tacles whose ends are thickened. It seems that larvae similar

to an actinula had repeatedly been evolved by Cnidaria, a

development which had perhaps even been repeated by

Hydrozoa several times (e.g. the actinula of Tubularidae, and

the actinula of Narcomedusae).

If we adhere to our interpretation of an evolution of

Cnidaria in the direction Anthozoa -> Hydrozoa we could

rightly expect that a progressive evolution of larvae could

be observed in Scyphozoa and in Hydrozoa. This, however,

is not the case. How can this fact be explained? I believe I

have found an acceptable interpretation of this situation in

the fact that during the subsequent evolution a completely

new generation of individuals that live in plankton had been

invented both by Scyphozoa and by Hydrozoa, i.e. medusae

in their two "editions." The medusa generation had taken

over not only the sexual function but also the "task" of

distributing its own species, a development which is especially

characteristic in those cases where as a result of a secondary

development the species is represented by the medusa genera-
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tion alone. In this way a further general evolution of the

larval stage has become completely unnecessary. Ephyrae

can occasionally be found mentioned as if they were larvae

of scyphozoan medusae; they are in reality their juvenile

stages only.

No actinulae have been found among the Scyphozoa; we
find instead planulae which, however, have never been observ-

ed to reach the real plankton and to live there. Just as

we can speak here of a planula larva, we could also speak

of an ephyra larva of the metagenetic medusafe; the only

difference is that the ephyra as a larva of medusae does not

develop out of an egg but rather by way of asexual repro-

duction. In Narcomedusae, on the other hand, we find that

a so-called polypoid larva had been developed after the prima-

ry polyp generation had been lost; this larva even shows

an incUnation to a parasitic way of life. It is only superficially

similar to an actinula and it must be therefore treated as a

formation sm generis.

Among the Siphonophora we find conditions that are some-

what more unusual; they stand in connection with the individu-

alization of the planktonic cormi and resemble slightly those

that can be found among the phylactolaematous Ectoprocta.

The planula of Siphonophora (e.g. the ratarula of Chondro-

phora) soon begins to form secondary individuals as well as

the impersonal parts of a polymorphous cormus (siphonula).

Here there are even provisional individuals (nectocalyces, etc.)

which are later abandoned, thus a development which is

similar to a metamorphosis. We must not forget that Sipho-

nophora represent the peak in the evolution of Cnidaria!

A Comparison of Cnidaria Larvae with Other Larvae

A comparison of larval conditions such as they occur in

Cnidaria with those that exist in the equally sessile Endoprocta

(Kamptozoa), among the Ameria is very illustrative in
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this connection. The Endoprocta are not only an animal

group which lives on the sea bottom; they also show a strong

inclination to form cormi; they have not, however, developed,

a stage which would correspond to a medusa generation and

which would be able to live in plankton. Taken geologically,

Endoprocta may be younger than Cnidaria because they are

euproctous animals. Thus their phylogenetic root had reached

a higher level of evolution than the level that has been reached

by the aproctous Turbellaria. The Endoprocta, on the other

hand, have developed a planktonic larva whose organization

is even more highly developed than is the organization

of the adult animal form. Moreover, this differentation

had pursued its own direction which made it necessary

that a radical metamorphosis be introduced. This is a typical

example of a special evolution of a larva which leads

its own way of life. It would be completely wrong to see

a recapitulation in this kind of development, i.e. to conclude

on the basis of present conditions that the ancestors of Endo-

procta had lived in plankton and that they had the form and

the structure of a trochophore. It is even misleading to call

the larva of Endoprocta, a trochophore and to compare it in

any way with the larva of Ectoprocta in order to justify in

this way a systematic union of these two groups, as this

was done by Marcus (Hadzi, 1956). These are in reality

pure convergences only which were caused by very similar

ways of life, a fact which can also be observed, for example,

in all the sessile animal types.

Since Endoprocta, as euproctous Ameria, are in all pro-

bability (as has already been emphasized) phylogenetically

younger than Cnidaria, it seems incomprehensible why the

older Cnidaria, which are equally sessile animals that form

cormi, had not developed a planktonic larva with a higher

level of organization. We have already tried to give an answer

to this problem, taking into consideration the formation of the

medusa generation which had taken over the role of plank-

tonic larvae. A medusa, however, cannot be considered to
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be essentially a larva; it rather represents a special generation,

it is an adult individual which belongs to the same species

and which can secondarily completely replace the primary

polypean individual.

We will add here some observations regarding the condi-

tions that exist among the Turbellaria in order to complete

in this way our study of the Cnidaria larvae. It can be stated

quite generally that the mobile Turbellaria which live in

benthos do not show an inclination to develop larvae. There

are only a few and usually bigger species of Polycladida w^hich

had evolved their own larvae (the so-called Miiller's larva);

yet these larvae have not reached a very high level of evolution

either in their organization or in the special larval devices.

This larva assumes another position, i.e. it hangs in free water

with its head turned upwards, and it forms a girdle of body

process (usually eight) whose margins are covered with strong-

er cilia. I cannot agree with Kaestner who tries to connect

this margin covered with cilia with the praeoral circlet of

ciha that can be found in the trochophore of Annelida, and

with the tuft of cilia that occurs on the vortex of larvae. It is

much more simple to suppose that larva of Polycladida has

phyletically nothing in common with the trochophore (actual-

ly we have here quite different larvae w^hich resemble a trocho-

phore!) of Annelida. The circlets of cilia and the terminal

tufts of the same are requisites that can be frequently found

among the primary planktonic larvae.

Miiller's larva represents (this is not true for all the Miil-

ler's larvae) in all probability the starting point for a side

line of evolution which had finally led to the formation of

Ctenophora by way of an early sexual maturity and of a

continued life in plankton. Here we can observe a very interest-

ing case of the invention of a larva. The typical Ctenophora,

themselves planktonic animals, had no need of a special larva

for the distribution of their own species. Let us say that a

typical transitional stage only had developed in the ontogenies

of Ctenophora; its form and organization resemble closely
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those of an actually existing species (the so-called Cydippe-

stage). Some Ctenophora, however, have become specialized

and they have descended to a life in the benthos. It is in

connection with these species and subgroups that the earlier

Cydippe stage has taken over the role of a true larva which

must even go through a metamorphosis during its subsequent

development. In this case, we can rightly speak of a recapitu-

lation; yet this is a recapitulation of a transitional ontogenetic

stage which is very similar to— even if not exactly the same

as, a species in its grown-up state.

It should be mentioned, for comparison, that no larval form

had been developed by the Chaetognatha that had also evolved

by way of neoteny from the planktonic larvae of Brachiopoda

(Hadzi, 1959 a, 1959 d). No typical common transitional

stage of Chaetognatha has become known either. The pos-

sibility cannot be excluded, however, that in future a common
ontogenetic transitional stage of Chaetognatha will be found

after a detailed study of their ontogenies.

The Origin of Turbellaria

We will return now to our main problem. We have refused

to accept the attempt made by Jagersten who has tried to sup-

port the enterocoele theory by means of a supposed initial form

which he constructed ad hoc and which he called a bilatero-

gastraea. He equipped this form with all those elements which

could prove useful in his subsequent derivation of the Metazoa

from it. Our new task will be to show or, rather, to find the

most probable place where the origin of Turbellaria, and thus

also of all Eumetazoa, has to be sought. I must state at the

very beginning that no well-founded reason is known to me
which could justify considering Turbellaria as a product of a

retrogressive evolution. I share this opinion with the leading

experts in Turbellaria and I refer here among others to Otto

Steinbock (1958). The same standpoint regarding the Turbellaria
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has also been accepted by a majority of other zoologists who
are not experts in this field. It will be therefore sufficient if we
mention that Turbellaria are freely moving animals, and that

they feed independently, mostly as predatory animals. There is

no reason why we should try to derive them from some sessile

or parasitic ancestors. It is therefore very surprising to see how
Marcus, an expert in Turbellaria, places the Turbellaria in his

sketch of the genealogical tree of the animal world (Marcus,

1958:52, Fig. 1) high above the Tentaculata which he locates

between the Turbellaria and Cnidaria (Coelenterata = Radiata).

Even Chaetognatha appear in this sketch closer to the Coelen-

terata than to the Platyhelminthes. At the same time Marcus

derives both the Platyhelminthes and Nemertinea from the

Sipuncaloidea. One would expect that Marcus considers Tur-

bellaria to be a progressive type because they are placed

(together with other "-helminthes") by him so high on the

genealogical tree. I find it completely incomprehensible

when Marcus tries to derive all these lower "worms" from

the coelomatic Bilateria (Marcus 1958:33) endeavouring to

find in them traces of the coelom cavities while at the same

time he makes no difference between an actual coelom (our

perigastrocoele) and other coelom cavities, above all the

gonocoele. Marcus thus believes the Turbellaria to be second-

arily simplified animals which have played a subordinate role

only in the phyletic development; he even considers Nemer-

tinea to be more primitive than Turbellaria.

Remane (1957), too, does not stand far from the view pro-

posed in Marcus' work. In Remane's sketch of the genealogical

tree of the animal world, the Tentaculata can be found placed

under the Platyhelminthes whose position is somewhat hesita-

tingly indicated. Remane defends himself against Steinbock's

accusation that he tries to derive Turbellaria from Annehda;

at the same time he states that both these groups had a common
ancestral form which as an already segmented animal had neces-

sarily been anneloid. It is not important whether complete

parapodia and the so-called secondary or somatic segments



NEW INTERPRETATION OF CNIDARIA 271

had already been developed. In any case Remane, too, sees in

Turbellaria a product of a retrogressive evolution (admitting

at the same time that some properties of Turbellarians also be

a result of a progressive development above all their complex

genital apparatus). Remane consequently does not attribute

any great phyletic significance to Turbellaria. The Turbellaria

must be content to represent a small side twig on the mighty

branch of Protostomia.

Let us now pass over to the next problem. What is the situa-

tion regarding the line of evolution within the group of Tur-

bellaria itself? Do the Acoela represent the starting point of

the evolution ot Turbellaria, are they not only the simplest but

also the most primitive Turbellaria, or perhaps the most highly

developed Eucoela? We consider it as certain (the same opinion

is shared also by Steinbock, Hanson, Beklemischev, and the

majority of other zoologists, beginning with v. Graff) that the

Acoela do not only have the simplest structure or organi-

zation of all the Turbellaria that we know ; they are also prima-

rily the most primitive Turbellaria. If we disregard here all the

problems regarding the origin of Turbellaria, and if we ob-

serve Turbellaria as a whole as an independent animal group,

we cannot find a reason why we should not place the Acoela

at the beginning of a natural system of Turbellaria. The inter-

pretation which sees in a simple phenomenon a primitive ele-

ment also, is certainly justified here, even if it is not justified

in a number of other cases: a fact which I am well aware

of and which is repeated unnecessarily by competent

zoologists in their criticisms of my thesis. In spite of the fact

that the Acoela lead the same way of life as the remaining

typical Turbellaria nevertheless their organisation is far behind

the others. At the same time a clear trend towards a progressive

evolution can be observed in the Acoela. Beklemischev has

already shown this trend as particularly evident in their

hermaphroditic genital apparatus. We wiU presuppose all this

as a well-known fact and limit ourselves to the statement that

in reality there is no justification to consider the Acoela as
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secondarily simplified Turbellaria. The only objection to this

that could be mentioned in this connection is the small size

ot the Acoela. There is a generally valid rule that a general

decrease of an animal body, when it passes certain limits,

not infrequently leads to an extensive reduction of the animal

organization which appears as its simplification. It can lead

not only to an abolition of the system of blood vessels and

of the respiratory organs (numerous instances in the very

small species of the Acarina) but also of the whole feeding and

digestive systems (the dwarfed males of numerous Rotatoria).

The conditions are clear in these and in many other cases

because here the causal relationship between the diminution

of the size of the animal and the simplification of the organizat-

ion can easily be identified. In all these cases organs and systems

of organs can be found in certain forms while the same cannot

be found in the related forms whose size has been secondarily

diminished. In the case of the dwarfed male Rotatoria we find

even the female animals that belong to the same form equipped

with such organs; these female forms have at the same time

also a considerably larger size.

Somewhat less easy to survey are those cases w^here a larger

animal group consists exclusively of very small species, which

at the same time also have a simpler structure, this can be

observed, for example, in the Rotatoria and in the Tardigrada.

A detailed study of these groups, however, shows that there

are some facts which prove with great certainty that the size of

the species, which belong to these groups, had been secondarily

diminished and that a simplification of their organization had

taken place as a consequence of such a diminution. One of the

elements that can be helpful in this connection is the trend

towards a decreased number of cells and their constancy;

another element is the loss of ability to regenerate (in Rotatoria

the lost parts of cells only are able to regenerate). Thirdly, we
can tale into consideration a highly developed ecologic

specialization, e.g. the adaptation to small recesses in which

an animal lives.
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A primary small size of an animal type must be strictly

distinguished from a secondary diminution (Hadzi, 1956 b). No
element which has been mentioned above and which could

serve as an indication of a secondary diminution can be found

in the Acoela ; they must therefore be considered as primarily

small animals, and the simplicity of their structure which is

everywhere clearly evident as a primitive characteristic. We
will repeat here, in order to emphasize this statement the

better, that the Acoela are genuine, perfect, freely living ani-

mals which are able to make rapid active movements (certainly

in the most primitive way, by means of a pulsation of cilia) and

which feed as predatory species; they did not develop all these

properties de novo but rather had inherited the same— as we
will soon try to prove—from some equally small ancestors.

The Acoela, as well as all the Turbellaria, are typical bilate-

rally symmetric animals. They show no traces of a radial sym-

metry, unless we agree with Beklemischev who believes he sees

an indication of the radial symmetry in the presence of several

pairs of longitudinal nerve trunks. This fact, however, is quite

unimportant because it did not lead to the development of a

general radial symmetry and because the central nervous

system of the whole group of Turbellaria had become con-

solidated in the direction of the bilateral symmetry.

The Origin of the Acoelous Turbellaria

We have shown that Cnidaria had evolved first as antho-

polyps and in all probabihty from the rhabdocoeloid Tur-

bellaria, and also that the Acoela are the most primitive sub-

group of Turbellaria. Our next problem will be the origin of

the Acoela, and the question, "how can the origin of the

Acoela be explained?" We are well aware of the fact that in an

attempt to answer such a question we are on very uncertain

ground, that the only solid facts that can be found are in the

recent animal types, and that we cannot avoid making con-
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jectures. We must be content with the degrees of probability,

and we have no right to declare any attempt to represent or

reconstruct another path of evolution as impossible.

We could make our task very easy if we accepted the inter-

pretation that was proposed by v. GraflF, and, in a somewhat

modernized forrn, by Beklemischev. According to this inter-

pretation a planuloid being which resembled a gastrula (Grob-

ben) has been the starting point for the, evolution of Turbel-

laria (and at the same time of Coelenterata and of Eumetazoa

generally). Beklemischev (1958 : 109) modified this widely

accepted interpretation stating that the Turbellaria had deve-

loped "von einem Zweig der Urcoelenteraten, die durch Neo-

tenie im Planulastadium geschlechtsreif vvurden." I consider

such a deduction as completely improbable and, moreover, as

a purely auxiliary solution. Those who accept this inter-

pretation like to refer to larvae as recapitulations of their adult

ancestors. The planula appears in reality among the Cnidaria

as a larval form without being at the same time a recapitulation

of some ancestral form, as it has been already stated. The

latter, however, could not at all be found among the Turbella-

ria, and especially not among the Acoela where one would

expect above all such a recapitulating planula. Yet even if it

had been found, this could not be considered as a proof for a

planuloid origin ot the Acoela, and thus of Turbellaria. Matters

being such as they are, we have no real basis of deriving the

Acoela from some planuloid ancestors.

G. S. Garter (1954), who agrees with several points of

my interpretation, considers that I underrate the facts of

ontogeny and that in this I make a mistake. It is true that in my
opinion we must place more emphasis in our phylogenetic

conclusions and constructions on the conditions of com-

parative morphology of the adult forms, than on the data that

can be obtained by means of a comparative ontogenetics

(embryology). I especially insist that we must be more than

careful in our evaluations of the freely living larval forms. I

support my view not only with the well-founded abrogation
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of the so-called "fundamental biogenetic law" as it was pro-

posed by Haeckel (even if recently an apology was written by

Remane (1960) in favour of the same law), but also with facts

that can be observed in the ontogenies; these facts show how
easily and radically the morphogenetic conditions of the onto-

genetic as well as of the embryonic and of postembryonic

stages can be changed. Such changes can even take place within

one and the same line of evolution (animal group). It should

be pointed out that during the development which takes place

under the protection of a husk or of the maternal body, thus

free of the direct influences of the environment, as well as

towards the close of an eventual larval life in another biotope

when a metamorphosis has become necessary, morphogenetic

processes can frequently be observed which would be im-

possible during an adult stage which leads an independent life

(e.g. the changes of the intestinal openings). Because of these

changes, zoologists are now divided into two opposite groups.

Unfortunately enough it must be repeated again and again: in

our phylogenetic conclusions we must take into consideration

the comparative morphology of the adult form (this should

above all be considered!) as well as the stages of the ontogene-

tic development; yet in the latter study we must proceed even

more carefully and critically, taking constantly into consider-

ation the peculiarities of the ontogenetic processes.

In our case, i.e. in the study of the origin of Turbellaria we
consider that it agrees better with the given facts (we must not

forget that this is an opinion only, based on a probable

conclusion) when we do not take the easiest road by simply

supposing (this, too, is a supposition only, and nothing else)

that the most primitive Turbellaria had evolved from some

planuloid ancestors. Regardless of the fact that no planuloid

forms can be found now among the Hving animals (this is not

decisive because it is possible that such forms had formerly

existed and that they have now become extinct)—we cannot

consider the so-called Mesozoa to be such animals because they

are endoparasites— it is my opinion that no planuloid animal
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type can actually be able to live. I cannot see any likelihood that

the supposition that either a planuloid (a "planaea," corres-

ponding to a planula of Cnidaria) or a gastruloid animal (a

gastraea, corresponding to a gastrula of numerous animal

types) had ever existed, is correct. I therefore do not take into

consideration such ancestral forms.

As long as we believe that the Eumetazoa had evolved ex-

clusively as a formation of cormi on the pattern of the early

stages of the animal ontogeny, which usually takes place by

means of a complete cleavage of the fertilized egg cell, we will

hardly be able to find any other solution than to accept the

existence of a planuloid form or of a modification of the same.

Yet if we succeed in freeing ourselves of this truly fascinating

idea we find new possibilities, new probabilities emerging

before us. Some older zoologists have already thought along

the same lines (Dobell, 1911, and before him Saville Kent,

Sedgwick, etc.).

Some zoologists have already called our attention to the

extraordinary similarity that exists between the structure of

a holotrichous infusorian and of a turbellarian (Fig. 47), at

the same time they had no intention of making phylogenetic

conclusions on this basis, even if such conclusions have

seemed to be tangibly close. We will mention here the detailed

comparison only between the Infusoria and the Turbellaria

which was made by the well-known Hungarian zoologist V.

•Gelei, an expert in Infusoria, in Hydra, and in Turbellaria. In

this comparison a whole list of striking similarities has come
to light which can naturally also be considered as pure parallel-

isms or as accidental similarities. V. Gelei did not think here of

possible homologies because there are also differences between

these two animal types that can above all be observed in the

extremely specialized nuclear apparatus and in the sexual

phase of the Infusoria.

Let us mention here briefly these similarities: (1) the range

of the body size; (2) the general form of the body (habitus);

(3) the general ciliation of the body surface and the type of
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movement which is connected with it; (4) the fact that the

interior of their bodies consists of three body layers, with

(a) a more or less solidified external layer, with fine variations

especially as regards its fibrillar and sculptural nature,

(b) a somewhat softer middle layer (without streamings) which

contains nuclei, the contractile myonemes, and the contractile

emunctories (vacuoles), (c) the streaming digestive internal

layer (cyclosis), with the digestive vacuoles; (5) a cytostome;

(6) a cytopharynx, and not unfrequently (7) a cytopyge; (8) the

trichocysts; (9) a hermaphroditic regime combined with pair-

ing and with an internal fertilization; (10) the asexual repro-

duction by means of transverse division.

All these, and other similarities which are not mentioned

here, should thus be accidental analogies or parallelisms! Can

this be probable? The improbability of such a group of analo-

gies becomes even less acceptable if we succeed in clarifying

or in rationally solving the most important differences that now
seem to exist between these two animal groups.

There is one more important reason why we should consider

these similarities as true homologies and why we should

accept the derivation of the Acoela, as the lowest Eumetazoa,

from some infusorial ancestors as more probable than the

derivation of Coelenterata from some colonies of Flaeellata.

This reason can be found in the continuity of development of

the whole polycellular unit which I will return to discuss on a

later page. It is quite natural that the similarities that exist

between a holotrichous infusorian, as it is now known and a

recent acoelan, are explained by those who adhere to the widely

accepted colonial theory, as if they were analogies or paral-

lelisms only; they are logically obliged to come to this conc-

lusion. It is easy to understand why these scholars try to bring

forward possibly good arguments against the "plasmodium

theory" ("Plasmodiumtheorie") as it was called by Steinbock.

Thus Remane wished that those scholars who accepted the

Plasmodium theory could bring forward evidence in the

form of "transitional forms," "proved patterns," "certain in-
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termediate forms," "certain special homologies." Steinbock

(1958 : 204) is right when he emphasizes that Remane is much

less strict when he tries to prove his own thesis and that in

connection with his thesis he is satisfied mainly wdth one rather

remote analogy of green algae (the frequently misused

Volvox) as well as with an (according to our interpretation

wrong) application of the misused "fundamental biogenetic

law" as it was proposed by Haeckel (cleavage = a recapitulat-

ion of the formation of the colony of Flagellata, etc.).

Several scholars have objected in principle against any

possibiUty of deriving the Eumetazoa from some ancestors

that resembled the present day Infusoria, stating that the In-

fusoria are a much too speciaHzed animal group, a blind alley,

and that therefore no new animal type could possibly have

evolved from them. The fact that they harbour of two nuclei

only with a clear dimorphism of the two nuclei, the absence of

free gametes, conjugation as an isolated form of the sexual re-

production are all unique properties which can only be a

result of a long evolution in their own direction. I must admit

the great importance of these differences and that at the first

sight these differences really seem to disprove a possible deduct-

ion of Eumetazoa from Infusoria. I myself (Hadzi, 1944 : 160)

was initially under the influence of these facts: I endeavoured

to avoid them and tried to find an origin of the Acoela farther

back among the Protozoa, i.e. among the polykaryonic Flag-

ell?.ta. This, however, is in principle not so important.

After a thorough analysis of the sexual conditions that can

be found both in the Infusoria and in the Acoela and after an

intensive comparison of the two (Hadzi, 1950) I have finally

come to the conclusion that it is possible to overcome these

seemingly unbridgeable difficulties, that these differences do

not represent a matter of principle, that instead they have only

been gradually increased. This has finally led to the widely

different forms that can be observed in the extreme cases in the

two animal types. In this connection I can also mention the

study by Hansen (1958).

19*
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It cannot be emphasized strongly enough that quite naturally

the recent Infusoria with their frequently extreme specializa-

tions cannot be taken into consideration as ancestors of the

equally recent Acoela. The time when the line of Turbellaria

had supposedly branched off from its infusorian stem lies far

back in geologic time. It is even questionable whether a name

like infusorian, or the acoelous turbellarian, could still be given

to this common original form, by a modern zoologist. It is

quite irrational and beyond understanding to expect or to

require that some recent transitional forms should be shown

to those who oppose our thesis, as proofs of this development

which has been so important for the evolution of the animal

world. The phylogeneticists have repeatedly emphasized that

such fatal steps in evolution have frequently taken place much
faster than did the development of some less important

"novelties" and the evolution of large types.

The Relationship Between the Conjugation

and the Copulation

First a problem of terminology. The word "copulation" has

unfortunately been used for two entirely different phenomena.

On one hand, it is a union of the gametes of the two sexes, or

the fertilization itself. On the other hand, it means an act by

w hich the individuals become united w^hich belong to the two

sexes, i.e. a pairing, and this is the reason why we speak quite

generally of organs of copulation: they play the main role in

such a union. The etymology of the word itself shows that it

was originally coined for the second interpretation. It would

therefore be better if we use the equally w^ell-known word

syngamy when we speak of the union of the two gametes.

It has already been mentioned that conjugation is considered

as an opposite to syngamy as if it were something entirely

different from the latter. This has been the main reason why
the Ciliata— as the only Protozoa that have adopted con-
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jugation— all the remaining Protozoa reproduce by means of

syngamy— have been considered as basically different from

other animals and that a derivation of Eumetazoa, where

syngamy regularly occurs, from Ciliata was looked upon as an

unacceptable principle. In various manuals and text books

conjugation is usually defined in the same way as it appears

in the book by Hyman (1:75). "... conjugation or temporary

contact of tw^o protozoans with nuclear change." Almost the

same words are used by Kudo (1946 : 154) in his Proto-

t(oologj, and by numerous other authors when they characterize

thisphenomenon .The emphasis in this sentence is on the "nuclear

change." A Uttle later Hyman (I : 173) gives quite a rational

interpretation of this "nuclear change" when she writes, "The

micronuclei, which play the important role in conjugation all

divide twice, and these divisions probably correspond to the

maturation divisions of metazoan germ cells, involving a

reduction of chromosomes." Even better is the statement

made by Hall (1953 : 80) who writes, "Typical conjungation

involves the change of haploid pronuclei (gametic nuclei)

between two paired organisms, the formation of a syncaryon

in each, and then nuclear reorganization."

I will now endeavour to show (Hadzi, 1950) of this con-

jugation, a true peculiarity of Ciliata, that its individual ele-

ments had been inherited by Eumetazoa via Turbellaria^

Acoela. Conjugation does not represent an obstacle to such

a derivation, provided that we place the point of separation

of Ciliata and Turbellaria, and thus of Eumetazoa, farther back

to a time before the Ciliata have become specialized and

before they have evolved the conjugation which is now
typical of them. Numerous peculiarities of sexual conditions

that can be observed in the lowest Eumetazoa, in the Acoela,

can be better understood if viewed from our standpoint.

There certainly was a time when, sexuality had not yet

been developed by the living organism— only the Protista

existed. This sexuality, however, had already appeared when,

the Protista still wielded an unHmited authority. Why and how
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this has taken place cannot be discussed in the present study.

This bisexuality has proved to be of great advantage to

organisms in their further development and so it was quite

generally accepted. Later it was even combined with propaga-

tion and thus with the preservation of the continuity, a function

which it did not originally possess. The sexual phase of the

life-cycle had been developed by Protozoa along different lines

and in very different ways. Very primitive conditions can be

found preserved even now in various species of Protista. In

these the sexual phase is represented by a special sexual

generation which however does not differ morphologically

from the usual, the so-called vegetative generation (Dogiel

prefers to call it a "neutral" generation). This most primitive

type of syngamy has been called, as is well known, a hologa-

mous isogamy. The sexualized generation differs from the

vegetative generation in its chemical properties only— sexuaHty

itself was originally a biochemical phenomenon. We are hardly

justified to speak of gametes during this primitive stage of the

sexuality. The two units are naturally attracted because of the

biochemical differentiation into two opposite directions which

cover each other in the 0-point (there is, according to the well-

founded theory by Hartmann, no absolutely -f and no absolu-

tely — developed sexuality). This finally leads to a union of the

two. This was the basis from which special conditions had

evolved parallel to the various lines of evolution of Protozoa

(we will omit here the Protophyta). The development went

mainly into two directions. On one hand it led to a strong

differentation of the two partners in the sexual generation.

Two gametes had evolved that differ from each other, in

agreement with the function they have: the slender, actively

swimming androgametes have also been called microgametes

{usually in the form of spermatozoa, resembling flagellates;

secondarily, however, they can become atypical and they can

lose their free mobility), and the passive gynogametes (macro-

gametes) which are usually equipped with a reserve food sub-

stance. The gametes no longer feed independently; they have
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ceased to be a special generation, and thus complete indi-

viduals. They preserve the monokaryonic state, because it is

during this state that syngamy, with the act of fertilization

can be accomplished most easily. This state has been preserved

throughout a mainly progressive evolution, right up to man.

This is the reason why this primitive state (the monokaryonic

state, i.e. the monocellularity) can be found recapitulated even

now at the beginning of the ontogenies. The second line of

evolution led (as early as in Protozoa !) to a transference of

the biochemical sexualization to the "vegetative" generation

w^hich we call the generation of gamonts and which had

preceded the earlier generation of gametes; this transference

took place in a somewhat different way. This is the generation

(later when asexual reproduction is abandoned, it is the only

existing generation) which produces gametes. Approximately

half of its individuals have developed into gynogamonts (the

later females), and another half into the androgamonts (the

subsequent males). Similarly as in the case of the primitive

gametes, no externally visible morphological differences had

been initially developed by the primitive gamonts of the two

sexes. Yet they attract and repel each other depending on the

fact whether the two gamonts that meet have the same or the

opposite values.

As early as in Protozoa the formation of gametes (combined

with meiosis) and their differentiation, reaches its climax in

oogamy; this was accepted by Metazoa as the only form known
to them and it has been preserved throughout phyletic evolu-

tion, i.e. up to the formation of man. Sexualization can go even

further; as early as in Protozoa it was transferred to the earlier

vegetative generation (as the so-called agametes). This has led

to the sexualization of the whole life-cycle (e.g. in Cyclospora

caryolitica, according to Schaudinn).

It may be useful to point in this connection to the conditions

that can be observed in the Gregarinida. Two individuals of

the generation of gamonts with the same form, yet sexually

(biochemically) differentiated, become united; w^e can truly
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say that they copulate or pair without developing an intimate

contact; they each mutually encyst the other. The gynogametes

are produced after multiple divisions by one individual which

functions as a female, and androgametes by the other in-

dividual which functions as a male. They become "free" even

if they remain within the wall of the cyst and are in this way
separated from the environment. Here the gametes can meet

in masses to copulate and to produce zygotes. Yet in this way
the whole mass of the cytoplasm of the gamonts is not used

up. A considerable part of it remains as a remnant w'hich is

destined to die. The zygotes naturally become finally free. It

should also be mentioned that in the case of a typical oogamy,

one gynogamete only can be developed by way of meiosis by

a gamont or by a gametocyte w^hich can be produced by a

gamont (in this case the gamont actually becomes a praega-

mont), while the number of androgametes can be very large.

The hermaphrodite state emerges at the first sight quite

unexpectedly among such animals that had originally adopted

the system of tw^o different sexes. It appears, it seems, without

a true motivation. This phenomenon, however, can be more
easily understood if the generally valid and well-founded

theory of a potential bisexuality is taken into consideration

(Hartmann et al.). Less easily understood are the immediate

reasons which can lead in individual cases to an introduction

or to an omission of the hermaphrodite state. It is well known
that in each individual which is normally gonochoristic

(dioecious) the sexual biochemistry of one sex only is pre-

valent, while the biochemistry of the opposite sex remains

inactive. An initially indifferent gametocyte can become
divided by way of heterocyclic (not equivalent) divisions, and

under special circumstances it can thus develop into units with

two sexually opposed orientations. Such a development must

be supposed to have taken place during the transition from the

polykaryonic Zooflagellata to the primitive Ciliata. One of the

great advantages of the polykaryonic theory, if compared with

the colonial theory, an advantage w^hich must not be under-
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rated, is that it makes possible for us to understand the herm-

aphroditism not only of the Platyhelminthes, as the lowest

Eumetazoa, but also of the numerous groups of Ameria

(especially of the Mollusca), and of other larger or smaller

groups which have reached a higher level of evolution. It can

be stated quite generally that almost everywhere among the

Eumetazoa an active inclination towards hermaphroditism

can be observed.

Even if among the recent Protozoa no transitional forms

can be found from the polymastigous and polykaryonic Zoo-

flagellata and the lower Euciliata, there can still be no doubt

that the Infusoria had evolved from just such Flagellata. The

circumstances have been the reason that the endoparasitic

poly- and hyper-mastigous species of Flagellata, which are

partly equipped with the polymerized nuclei, have only been

preserved till now, or that such species only have become

known. They are certainly strongly speciaHzed, and thus

greatly modified. The Opalinidae have been considered,,

wrongly, to be transitional forms; they were therefore placed

under the name "Protociliata" at the root of the Ciliata. The

Opalinidae are in reality strongly modified Zooflagellata and

they lead, moreover, an endoparasitic way of life. In spite of

this we find the Opalinidae to be very interesting here;

first, because they include species that are mutually closely re-

lated which contain two, it seems equivalent, nuclei only; the

completely round body is covered with cilia; and, secondly, be-

cause some of their species contain an increasing number of nuc-

lei, yet their sexual phase is in spite of all this only slightly atypi-

cal (Wessenberg, 1961)*. They form freelymoving and externally

slightly differentiated (in their size) gametes which belong to

both sexes and which move by means of cilia. It is certain that

the syngamy takes place in the Opalinidae. Unfortunately,

* Wessenberg who has recently (1961) made a study of the Opalinidae

proposes a special taxon for this group under the name Opalinata which,

should be placed between Flagellata ("flagellated Protozoa") and Ciliata

("ciliated Protozoa").
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little is known about the sexual phase of other polykaryonic

Flagellata. It was even thought that they have completely lost

their sexual phase, a supposition which has now been proved

wrong.

It could perhaps be expected that some transitional forms

might be found among the Euciliata, a possibility which cannot

be completely excluded. Thus the case of the Glaucoma (Dalla-

sia) frontata Stokes was described some time ago by G. N.

Calkins and by R. Bowling (1941). It has been reported that

a copulation as well as a typical conjugation can be observed

in this species of holotrichous Infusoria. Yet the very fact

that the copulation and a simultaneous conjugation have been

observed makes it improbable that we really have a copula-

tion here. It is supposed that here two individuals which

consist of two nuclei each, encyst with each other which finally

leads to copulation. The true gametes, however, consist of one

nucleus only and they must pass through one or two meioses.

I believe that the case of the Glaucoma frontata can be set aside.

The Zooflagellata (with strongly polymerized and equiva-

lent kinetids and nuclei which were gonochoristic and repro-

duced asexually, yet which propagated during the sexual phase

by way of oogamy producing greatly unequal free gametes

that copulated mutually, creating one zygote each time) can be

imagined as the initial form for the evolution of the typical

Euciliata as well as of the primitive Eumetazoa. These gametes

were haploid, and the zygote as well as the vegetative genera-

tion diploid. It should be mentioned in passing that in this they

differed greatly from Volvox w^hich is frequently mentioned

as a pattern of the ancestor of Metazoa: the zygote of the Vol-

vox undergoes a reduction, a fact which was particularly

stressed by E. D. Hanson (1958 : 27).

There were in all probability two processes which played

a major role during the transition from the polymastigous and

polykaryonic Zooflagellata that had thus been developed by

way of polymerization: (1) the emergence of the hermaphrodi-

tism, and, (2) the internalization of gametogenesis. The inter-
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mediate form, which was equipped with both these new pro-

perties, developed in all probability at the point where the two

lines of evolution separated. Evolution then pursued two

diverging directions, on one hand the line of evolution of

CiUata, and on the other the line of evolution of the Eumetazoa,

with the acoelous Turbellaria at its very beginning.

Let us first make a closer study of the lines w-hich wxre

pursued by the Ciliata in their evolution. The following

characteristics were decisive in connection with their lines

of evolution: (1) the prevalence of oligomerization; it did not

influence the vegetative (somatic) nuclei only whose number has

thus been reduced to the possible minimum, i.e. to the so-

called macromickus which cannot be considered in spite of its

singleness as a homologue to the originally single nucleus;

oligomerization has now also been extended to the internal

sexual phase and as its consequence we find one sexual karyon

preserved. This development has led to (2) a further internali-

zation of the gametes themselves so that finally one andro- and

one gyno-gamete only are formed; copulation also becomes

internal. Somewhat later, oligomerization was extended to cili-

ation; this has led, according to the rule, to a differentiation of

the cilia into the ciliary organelles. This evolution had also led

to a new form of copulation which is externally invisible because

of its internalization and which is therefore better protected

against the external influence. 'At the same time, it had determi-

ned the destiny of Ciliata since they could never develop into lar-

ger species; they have remained microscopic Protozoa with the

ability to develop intensive differentiations, particularly it we

take into consideration the range of dimensions within which

they can change. A part of these properties (which was not really

a very small part !) had been inherited by the Eumetazoa, because

even before the separation of the two lines of evolution a

comparatively high level of organization had already been

reached within the frame of their small dimensions.

It is actually not very important to know in connection

with our task, the evolution of Infusoria after their
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separation from the line pursued by the Eumetazoa. Still it

may prove useful if we make a closer study of their sex-

ual phase; in this way we could make it clear that the form

of conjugation ot the sexual phase is not essentially different

from a typical copulation. This will finally enable us to propose

homologies of the two forms without any greater difficulty.

We suppose quite naturally that the descriptive part of the

process is well enough known. At the end we intend to touch

very briefly on a few final stages of the process of conjugation

which as extreme cases, diverge so far from oogamy as the

typical sexual form, that a proposed homology might appear

less probable if we do not take into consideration the whole

development.

We will first characterize (define) the Ciliata (Infusoria) as

they appear if viewed from our standpoint. This definition

will agree, I believe, better with the actual facts than do the

currently accepted definitions. Infusoria are hermaphroditic,

polykaryonic Protozoa whose two karyons are already differ-

entiated during the vegetative phase, without free gametes

during the sexual phase; the generation of gametes is reduced

to a possible minimum; it is at the same time also transferred

into the interior of the generation of gamonts (praegamonts)

which has made a pairing of the equally sexualized gamonts

necessary. The so-called micronucleus represents during the

vegetative phase a homologue to the sexual potency of the

hermaphroditic primitive sex cell; the micronucleus is equally

divided during the vegetative reproduction by means of

transverse division; during the sexual phase, however, at a

certain moment it divides heterocyclically (unequally) which

leads to the formation of gametic karyons of the two sexes,

the so-called pronuclei, i.e. the stationary and the migrating

nuclei. The gynogamete with its cytoplasm merges totally

with the cytoplasm (the plasmodium) of the gamont (the

paternal animal) w^hich leads to an internalization of the zygote.

The androgamete remains moving actively and it can secon-

darily readopt the form of a sperm cell. A new set is developed
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by way of postgamous divisions which are again heterocyclic

;

their result is usually a vegetative, complex, or polyploid

karyon (macronucleus), and a primitive, sexual, diploid

karyon (micronucleus).

Scholars such as, Jennings, (1939) have tried to interpret

the Infusoria (Paramecium) as gonochoristic animals. Ac-

cording to such an interpretation, the two so-called pronuclei

(actually the gamete karyons) which frequently do not differ

externally from each other, are supposed to belong to the same

sex, they are supposed to be both androgametes or gynogame-

tes. If this were true, then only two individuals which belong

to the opposite sexes would be able to conjugate. Such a case,

though theoretically not impossible, is completely improbable.

In numerous hermaphroditic species of Eumetazoa with a

uniform hermaphroditic gonad (e.g. in the Roman snail

Helix pomatius, as well as in some Protozoa, e.g. in the

Heliozoa) we can observe that the sexual cells of the two sexes

can be developed by way of a heterocyclic division from an

"indifferent" primitive sex cell. This can lead in special cases,

e.g. in numerous Euciliata that have adopted a sessile way of

life, that—under the influence of a strongly developed sexual

dimorphism ofpraegamonts— the microgamont which becomes

free begins to function as a male, and the sessile macrogamont

as a female; yet in spite of this we can observe in both of them

a clearly hermaphroditic nature.

J. P. Turner (1941, in Protozoa in Biol. Research : 617) expres-

sed his opinion that conjugation cannot be considered as a

propagation or a reproduction, but rather as a reorganization

only. I believe this interpretation to be w^rong, it agreeing only

with the external superficial appearances. It has already been

stressed that conjugation completely corresponds to a propa-

gation or reproduction, combined with the sexual act; the only

difference is that it is rather modified and somewhat concealed.

Not even the usual consequence of the fertilization which takes

place during conjugation is missing; it is manifest in Protozoa

with free and numerous agametes in the postgamous divisions
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of zygotes which occur frequently en masse. The postgamous

divisions of the still enclosed zygote (the zygote karyon) are

strongly reduced in the conjugating Ciliata because of their

general oligomerization; yet there still occur regularly, special

divisions of the zygote karyon which succeed each other

quickly and which are also followed by the divisions of the

whole body. Numerous experiments have shown that the

exconjugants divide more rapidly. This shows that during

the conjugation the animals also become reorganized (or, as

we frequently hear, rejuvenated). An essential difference

between the genuine Ciliata and all the Eumetazoa lies in the

fact that in the latter each zygote is regularly developed by way

of divisions into a new polykaryonic individual which finally

leads to an embryonic development. It is worth mentioning

that much later this situation finally evolves in numerous

animal groups, including man himself, into the phenomenon

where simultaneously, or even generally, one gynogamete only

is developed while the number of androgametes remains very

large, a situation which can be easily understood if we take

into consideration the function of the spermatozoa.

Other facts that have been observed and described under

various names in connection with the sexual karyons of In-

fusoria, such as endomixis, hemimixis, reorganization, etc., can

not only be compared with the similar developments in the

"normal" Protozoa if we view the organization of Infusoria

from our point of view; they can even be declared as simply

homologous to self-fertilization and to parthenogenesis. A
detailed study of these problems, however, would pass the

limits of our present task.

A sexualization of the generation of gamonts takes place

also elsewhere among the Protozoa as this can be seen in the

case of Eugregarinida where the syzygy can be observed; from

the Protozoa it was clearly transferred to the Eumetazoa. The

question arises whether something similar could not also be

found among the Acoela? As far as I know no sexualization

of the vegetative phase has yet been observed in the Acoela.
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This, however, does not mean that it does not actually occur

since we are still far from knowing much about the biology

of the Acoela. No extensive and planned experiments in their

culture have been made so far. Many more precise investi-

gations have been made in connection with the Infusoria. In

these w^e can find a clearly developed progressive evolution

towards a sexualization which has led to an explicit sexual

dimorphism. During the early stage of this development the

individuals do not show any morphological difference what-

ever, in spite of the fact that they are already physiologically

differentiated. Here we can find an analogy to hologamous

isogamy. The behaviour of individuals with different bio-

chemical polarizations is similar to the behaviour of males

and females of the gonochoristic or dioecious Eumetazoa.

The individuals with the opposite "signs" are mutually at-

tracted, and this leads to a union, to a pairing. In the actual

sexual generation, in the gametes, the differentiation can take

place in two directions only (bipolar: + and — ), if we
disregard the indifferent middle, the 0-point (e.g. the worker
bees, and other similar cases), so that two sexes only can be

developed. In the generation of gamonts of Euciliata, however,

development has led, as it is well known, to the formation

of several "mating types." In the species of Infusoria we could

correspondingly expect several morphologically different forms

which would answer the several "mating types." It is not

known to me whether anything of this kind has been observed

till now. Yet we find in the Infusoria, above all in their sessile

species, sexual dimorphism further developed, in spite of their

hermaphroditic state. On a lower level the difference is mainly

of a quantitative nature, as is shown by the frequently quoted

example of the Opisthotruhium janus. We speak in this connec-

tion of macro- and of micro -conjugants which are developed

by means of a division that takes place before the conjuga-

tion. This division, however, should not be called— as it

usually is— a progamous division; the true progamous divi-

sion takes place during the conjugation in the gametic karyons
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and it is unequal. In this species the essential difference

between the two sexes is not morphological, but rather physi-

ological (biochemical). While its true microconjugants (any

macroconjugants) are still able to conjugate mutually, the

microconjugants when they meet are unable to do the same.

Sexual differentiation has pursued another direction in the

species Metopus sigmoides (according to Noland, 1927). The
two sexes do not differ morphologically, yet their destinies

are different. One of the conjugants loses its individuality

due to conjugation, and it is destroyed. Both these elements,

the sexual dimorphism and the unequal destiny of the two
conjugants can also be observed in the sessile Peritricha. The
macroconjugant remains sessile; it functions mainly as a

female even if it shows hermaphroditic inclinations because

it is only its gynokaryon which becomes fertilized and which

continues to develop. Its androgamete passes over into the

free and swimming microconjugant which has taken over the

irole of a male ; it produces one functioning androgamete only

w^hile all the rest get lost and they are resorbed by the luckier

macroconjugant. This situation reminds us to some extent

of some fish species that inhabit the deep sea whose dwarfed

males live as parasites on their larger females. Tw^o important

differences must naturally not be forgotten in this connection:

these fish are gonochoristic animals and their males are not

resorbed.

Instead of speaking about the macro- and micro-conjugants

we could also speak of the gyno- and andro-conjugants,

parallel to the females and males of the gonochoristic Eume-
tazoa; yet these conjugants of Infusoria are hermaphrodites.

The process of conjugation (as a secondary sexual process)

becomes so one-sided that during the same process the andro-

<:onjugant loses his life. This, however, cannot be observed

among the Eumetazoa, but we can also mention the Rotato-

ria w^hose males can become strongly degenerated, or rather

they can evolve one-sidedly and in this way retrogress so that

finally they do not even appear! The females, however, which



NEW INTERPRETATION OF CNIDARIA 293

have become in this way their only representatives, do not

develop into true hermaphrodites ; they reproduce parth-

enogenetically having become unable to reproduce by means

of division or of budding.

The consequences of the total internalization of gynogam-

etes (which are changed into karyons)—which forms the main

difference between the genuine Infusoria and the Eumetazoa—

have been radical and remarkable. We must therefore call

special attention to them. They had clearly evolved only after

the lines of evolution of the Infusoria and of the Eumetazoa

had become separated. In opposition to the conditions that

can be observed in the Eumetazoa where not only the andro-

gametes but also the gynogametes as such or even mature

embryos which have developed into young forms leave the

maternal body, we find in the Infusoria that their gynogametes

remain in the maternal body, their cytoplasms merge with the

cytoplasm of the maternal body without any distinct line left

between the two. This phenomenon can be observed in the

Infusoria only. The zygote is preserved even after complet-

ed insemination and fertilization, and the Anlagen of the

prospective infantile individual which had developed by w^ay

of divisions, are now merged in the maternal body by means

of the cytoplasm; in this way the maternal organism is not

only rejuvenated (reorganized), it becomes almost eternal; the

maternal form does not die, it continues its existence even

if it suffers a partial death due to the loss of its macronucleus.

The final result is a new complex animal which consists of

the maternal and infantile parts that constitute its whole

nuclear apparatus as well as parts of its cytoplasm. Thus it

is not the maternal organism which continues to exist here

as a whole; we rather have, in effect, a double being, while

at the same time there is also no real corpse. These unusual

conditions have become possible only in combination with

an extreme reduction of karyons.

The evolution of the Eumetazoa has pursued an entirely

different direction. The gametes of the two sexes have remained

20
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free; the polykaryonic state has also been preserved. The
rejuvenating sexual process, a warrant of continuity, has

remaired connected with the gametes. The materral hody—
inasmuch as it is not saved by an asexual reproduction— is

exposed to an unavoidable ageing which ends every time with

the death of the individual. Yet this has also made possible,

as it has been frequently emphasized, the progressive evolution

of the transitory sexual phase which has finally led to the

formation of important and extremely differentiated species.

There are still other paths that were pursued in the evolution

of complex species, i.e. such that lead by way of numerous

biological units (in this case of genuine, primary cells), and

thus of polycellular beings (Spongiae and frequently also

Metaphyta). In many respects they have begun to resemble

Eumetazoa, especially as regards their sexual phase and the

ontogeny, a fact which we will later return to discuss in more

detail. Still these forms have remained far behind the Eume-
tazoa, a fact that can be observed above all in the level \\'hich

has been reached in their organizations, and in the uniformity,

or in the wholeness, of their individuals.

The instance of the Ophryoscolecida to which Dogiel has

called our attention shows that the nuclei of Infusoria had

in reality earlier been independent cells, and in certain

cases even true gametes. They had adapted themselves to a

life in the stomach of the Ruminantia; they have thus become

strongly specialized and they can in no way be considered

as primitive forms. These remarkable minute animals have

developed special armour-like formations which cover the

whole surface of their body, with the exception of its terminal

oral area and which protects the animal against the effects of

gastric juices. The "bridging" during conjugation by way of

cytoplasm has thus become impossible, while at the same

time conjugation itself has been preserved. The contact

of the two conjugants has been modified ; the two indivi-

duals, which are usually dimorphous, touch each other \\-ith

their terminal ends w^hich are not covered with the armour-
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like layer. An intermediate space is developed in this way
which is surrounded by the terminal ends and which is filled

with a fluid. The androgametes (the migrating nuclei) of the

two individuals must thus leave their maternal bodies and

cross this intermediate space. Not only does a cellularization

of these karyons take place, during which the cytoplasm

which surrounds a nucleus becomes separated from the com-

mon cytoplasm of the conjugant, but also this cytoplasm

develops into a spermatozoa which is similar to a flagellate.

Thus equipped the androgamete which is now free (it deserves

fully this term), crosses by swimming the intermediate

space and penetrates actively into the cytoplasm of the partner

in order to reach in this way the gynogamete which has

kept the form of a karyon.

This androgamete of Entodiniomorpha is not a typical

spermatozoan, its cytoplasmatic process which is similar to

a flagellum is supposed to be developed at the anterior end

of the cell and it does not correspond cytologically to the

flagellum of a spermatozoan; yet in spite of this—and contrary

to the interpretation proposed by Jagersten— it is an andro-

gamete and it is a homologue to a spermatozoan. Nor
can we suppose that it represents a line of evolution which

had prepared the way to the formation of a spermatozoan. It is

much more probable that we see in this special form of

androgametes a new formation which has never led—and

which will never lead— to the formation of a typical sperma-

tozoan. According to DoUo's rule of irreversibility, the andro-

gametes of Entodiniomorpha have not been able to recover

the characteristic properties of the typical spermatozoa which

they had previously lost; their androgametes have now been

developed in a new way. In this w^ay it becomes clear that I

do not derive the spermatozoa of Eumetazoa from such

androgametes that can be found secondarily developed in

Ophryoscohcidae: in fact I derive the Eumetazoa from such

infusorial ancestors that possessed free and typical androga-

metes. It is therefore unjust when Jagersten accuses me of

20*
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treating the spermatozoa of the Eumetazoa in a similar

way to the spermatozoa of these aberrant species, and when he

states, "This is a pure conjecture with no basis in facts, but

necessary for Hadzi's view" (Jagersten, 1959 : 93).

I refuse to accept this accusation because it is completely

unjust; at the same time I wish to emphasize that even if

there were no case of Entodiniomorpha, my interpretation

would still appear as more probable than the interpretation

which was proposed by Jagersten, especially in those cases

where he refers to the excellent research that was done by

Ake Franzen (1956). The form, the structure of the spermato-

zoa, and the spermatiogenesis are so widely different not only

when w^e compare different animal groups but also wdthin

the frame of one and the same systematic unit; we are there-

fore completely unable to develop on this basis a clear idea

of the phylogeny of animals and we can also oppose on this

basis a derivation of the Eumetazoa from some infusorial

ancestors. It should suffice if we quote here the statement

inade by Franzen (1956 : 467) in the summary to his w^ork;

here he states that the spermatozoa of a "primitive type"

can be found in such numerous and widely different animal

groups as are, '^Cnidaria^ Plathelminthes (onljXenotlmrbella bocki.),

Nemertini, Aschelminthes (only Priapuloidea), Annelida,

Echiuroidea, Sipunculoidea, Mollusca, Tentaculata (only

Brachiopoda), Echinodermata, Enteropneusta, Tunicata, and

Acrania."

It should not be taken too tragically that the spermatozoa

of the Acoela do not belong to this primitive type. In the

Acoela the spermatozoa had been able further to develop

equally one-sidedly as their organs of copulation. In these

and in their hermaphroditism they differ from the Nemertinea

which have also reached a low level of evolution. The internal

insemination and fertilization, which w^e believe that the Tur-

bellaria had inherited from their infusorial ancestors, has been

preserved in the side line of Platyhelminthes only (Trematoda,

Cestoda). In numerous other side-lines of evolution, however.
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as well as in the main line that evolution had taken and which
had finally led to the formation of the next higher phylum
of Polymeria, we find that the separation of the two sexes

had emerged, pairing had been abandoned, and an external

fertilization had been introduced. No generally valid regulari-

ties or uniformities can be observed in this development. In

the Mollusca, for example, we can find at least occasionally

a very strong hermaphroditism reintroduced (species of snails

with a uniform hermaphroditic gonad) which appears in

combination with pairing, with the new formation of organs

of copulation, and with an internal insemination and ferti-

lization.

The example of Ophryoscolecidae with their individualized

androgametes is not an isolated case among the higher Infus-

oria. The androgametes of the hypotrichous infusorian

Euplotes patella which has a thickened pellicle assume, ac-

cording to Turner (1930), during their migrations, the form

of small amoebae and move actively by means of lobopodia.

This is clearly a secondary phenomenon. This amoeboid

androgamete of Euplotes is not a modified spermatozoon,

as this is the case, for example, in Nematoidea or in numerous
crayfishes; it is rather a new formation which had evolved

from a state of a secondary karyon: in Euplotes no plasmatic

bridge can be secondarily developed any longer; the "degene-

rated" (retrograded) karyonic androgamete has thus become
reactivated, yet this time in a special w^ay.

The early separation of somatic (vegetative) and sexual

karyons is characteristic of the genuine, higher Infusoria

from which we do not derive the Acoela. The two game-

tic karyons which bear the two opposite signs are developed

by way of a heterocyclic division. We find also the macro-

and micronucleus developed from a zygote karyon by way of

an unequal division. This represents a very advanced specializa-

tion, and it has naturally been inherited as such by the Acoela.

It must be assumed that the macronucleus is all powerful in

spite of its limited function because it receives the complete
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number of chromosomes which are, moreover, frequently

strongly polyploidal; yet a part of them, has become inactive.

The experiment which was made by Horv^th(1947) has shown

that this is really so. This Hungarian 2oologist suceeded in

separating the micronucleus by means of ultraviolet rays. The
animals remained alive. Parts of the old macronucleus which is

normally lost, developed during the conjugation into a new
micronucleus. I wish to mention in this connection that in

the Acoela no early separation of the Anlage of a gonad takes

place as far as we know about the early ontogeny of the Acoela.

This is also true for other Turbellaria. We must consider it

as a result of a secondary development if we find in other

groups of Eumetazoa, e.g. in Nematoidea, an early developed

"germ path." It seems to be very probable that in the primitive

Infusoria—which alone can be taken into consideration as

ancestors of the Acoela and which still have gametes that

become free— no early separation of the somatic and genera-

tive karyons had taken place, a situation that can still be

observed in the Opalinidae.

The Point of Separation in the Evolution

of Infusoria and Eumetazoa

This deviation from the straight line of argument which

investigates the origin of the Acoela, and thus of all

the Eumetazoa from their infusorian ancestors, has led

us to the more highly developed Infusoria whose comp-

lexity has been the main reason why it is so difficult to

get the right interpretation of acoela evolution. It has been

necessary to make this detour because wdth it we are en-

abled to determine with the greatest probability, the point

where the two diverging lines of evolution had separated.

I myself wavered initially on how^ to solve this question.

I was inclined to believe— in view of the numerous peculiari-

ties that are limited to the Infusoria only— that the Acoela



NEW IXTERPRETATIOX OF CXIDARIA 299

had separated from the Une of evolution that had been pursued

by Infusoria even before the true Infusoria had developed,

i.e. that the separation had taken place on the level of poly-

karyonic and polymastigous Flagellata (Hadzi, 1944:160). I

thought that this stage of the phylogenetic development

should replace the planula as proposed by v. Graff. Later

(Hadzi, 1953 : 149)1 became convinced that we must place this

important point somewhat higher, and so I spoke of the

"infusorial-like ancestors" of the Acoela. Due to a recent

restudy of the whole problem I have now come to the conclu-

sion—I will soon return to this point— that the separation

of these two lines of evolution had taken place on the level

of very primitive Infusoria which on the other hand had

already ceased to be genuine typical Flagellata. These very

primitive Infusoria had later developed on one hand into

the typical Infusoria, and on the other into the Eumetazoa.

It is much more probable that the definitive and total in-

corporation and internaUzation of gametes had taken place

after the Une of Eumetazoa had already separated from the

line Infusoria. In the latter the development had led to con-

jugation as it is now known. This means that in the Eu-

metazoa the gametocytes have never lost their independence

and that they have never united their own cytoplasm with

the cvtoplasm of the progamont. Xo cellularization of gametes

has therefore in aU probabiHty been necessary. The sexual

phase had become internalized; it was just at this point and

in its transition to the hermaphroditism that this primitive

infusorian—which was the ancestor of Eumetazoa—had dif-

fered from its equally polvkarvonic and hypermastigous

flagellate ancestors.

It should be mentioned in this connection when we refer

to the Flagellata as direct antecedents of Eumetazoa that

in this way we are easily able to understand, \^ithout being

obliged to take refuge in the thesis of flagellate colonies, the

numerous cvtological peculiarities that can also be found in

the Eumetazoa, and not only in sponges.
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Yet before I begin an explanation of an outline of

the probable organization the animal had at the point of

separation of the lines of evolution of the Eumetazoa and

of Infusoria (an outline which can now be made with a

considerably greater precision) I would like first to call atten-

tion to the excellent and instructive work by Earl D. Hanson

(Hanson, 1958).

I believe I am right when I state that Hanson has basically

accepted my concept, even if he did not accept it at first.

In his criticisms, expositions, additions, and ammendations

Hanson refers, when he discusses my arguments, to the

necessarily brief article only w^hich appeared in the Systematic

Zoolo^j (Hadzi, 1953). Hanson's leading idea is that my con-

cept cannot be accepted in its present form, that it still needed

some essential propping and complementing, above all the

point where I discuss the deduction of the Acoela from the

Infusoria. In his argument he states that, "The parallels bet-

ween the Acoela and the Ciliophora may be illusory, in terms

of demonstrating a phylogenetic relationship, if it turns out

that the acoel has its counterpart only in a fictional amalgam

of ciliate characters that has no more reality than the mythical

Chimera." I believe that with such a formulation Hanson has

gone much too far and that the formulation is inadequate.

The fact which is called by Hanson somewhat ironically an

"amalgam" or a "Chimera" is in reality a phenomenon which

has been earnestly studied by modern phylogenetics where

it is known under the name of the Mosaic theory, or Watson's

rule, as it has been called (Sir Gavin de Beer, 1954). An
"accidental" convergence of several characteristics of an

existing type can lead by way of genetic regulations to

new combinations (naturally with a simultaneous appearance

of new^ mutations). It is in this way that new animal types

which are able to live— and no chimeras— can develop and

in all probability also have developed.

Moreover I \\-ish to remind the reader that at the begin-

ning of the present study I already said that I came to my
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concept (naturally not as the first zoologist, yet quite independ-

ently) neither by way of a study of Infusoria or of Turbellaria,

but rather after a protracted study of problems connected

with the Cnidaria. I am therefore happy when 1 see other zoo-

logists who work in other special fields of interest, such as. Otto

Steinbock, a prominent expert in Turbellaria, extend their inte-

rest in the direction of the present study. I am also very

happy to see that Hanson wrote his study mainly from the

point of view of an expert in Protozoa, even if we do not

agree in every detail.

There are mainly three points in which Hanson tries to

improve and perfect my concept in order to make it more

acceptable, after he had submitted it to a detailed critic-

ism.

Hanson wishes first that something more definite, more

real, could be found instead of the too general name of the

infusorial ancestors of the Acoela which were designated as

"infusorian, or ciliate-like" animals. Hanson has selected the

"pleurostomatous gymnostomes" from the group Euciliata

which is rich in forms, more precisely from the subgroup

Holotricha which even now possess the most primitive

characteristics. These "pleurostomatous gymnostomes" are on

one hand homogenous, and on the other hand they have

remained most similar to the Acoela. Hanson selected as their

representatives the two genera Kemanella and Dileptus. It is

quite natural that the two forms which are genuine (as well

as recent 1) Euciliata have all those similarities with the Acoela

that can be generaly found among the Euciliata, even if

they belong to the more speciaUzed forms. We are therefore

interested in those pecularities of these two genera of EuciUata

which could justify us to suppose that they are more closely

related to the Acoela than are the remaining Euciliata. Such

peculiarities could be the un-differentiated character of cilia,

the primitive conditions of the cytostome surrounding, and

above all the pluraHty of nuclei, thus of karyons, whether

they be somatic or generative.



302 THE EVOLUTION OF THE METAZOA

It certainly is welcome and useful for my concept when
Hanson called my attention to these forms of Euciliata which

show some combined primitive characteristics, provided that

the plurality of the two types of karyons be a primary pheno-

menon. This makes my thesis of the origin of the Acoela,

and thus of the Eumetazoa generally, from some infusoria-

like ancestors even more probable and more easily acceptable.

Yet at the same time I do not think that it is of much
importance. The two Holotricha are genuine Infusoria, and

not some transitional forms. They suit the scheme of the

Mosaic theory by w^ay of which the characteristics that can

be observed in one descendant can be attributed to different

ascendants so that these characteristics become united and

combined in a certain descendant which develops thus into

a new type. It cannot be understood how our concept which

derives the Acoela from the Infusoria could depend on this

addition which was made by Hanson.

The second difficulty of the original concept which makes

its acceptance hard or even impossible was formulated by

Hanson in the following question, "Why is the macronucleus,

one of the most important of all ciliate characters, absent

in the Acoela?" (Hanson, 1958 : 33). This has in my opinion

not been the most fortunate formulation of this question; its

words should rather be, "what corresponds, what in the

Acoela is homologous to the macronucleus of the Eu-

ciliata?" I was not able to discuss this problem in detail in

my very short article w^hich appeared in the Systematic Zoolo^^

yet even from this article, and even more so from my other

publications it appears clear that I consider the macronucleus

to be homologous to the somatic, or vegetative ("indifferent")

karyons. The macronucleus is therefore a result of a second-

ary oligomerization which succeeded during the evolution

of Infusoria, the polymerization that had taken place in the

Flagellata, the ascendants of Infusoria. The polymerization,

however, was continued in the evolution of the Acoela, it

was even further developed not only in the quantitative
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but even more so in the qualitative direction; the karyons

had become differentiated in spite of their total potentiality

after they had assumed a certain place in the animal

body, a development which was of the greatest import-

ance for the prospective destiny of the Eumetazoa. This is

the reason why there is no macronucleus in the Acoela, this

is one of the key differences between the higher Infusoria

and the lowest Acoela. It must necessarily be supposed that

formerly there had also existed intermediate forms between

the stage with numerous vegetative karyons and the stage

which has one karyon only and which is the final stage

reached by way of this oligomerization. Not only in such

stages was the number of karyons decreased, but even their

behaviour was different (the type of origin, the subsequent

divisions, etc.). The macronucleus, however, has lost its

total potentiality and it has to be newly formed after

each conjugation (combined with a copulation) when the

final stage of the oligomerization has been reached and

when everything has become concentrated in the macro-

nucleus.

The case of Kemanella which has been pointed out by

Hanson is certainly very interesting because here the macro-

nuclei are not developed by way of a division of themselves,

but instead they develop continually from the micronuclei

which themselves are also able to multiply. It is quite possible

that a more primitive stage is represented in this case, even

if a special development cannot be excluded either. The plau-

sibility of my concept again does not depend on all this.

Hanson states, "It can be seen that nuclear situation in

Kemanella provides a transitional form in a possible series

going from that typical of the ciliates to the dispersed nuclei

of the acoels" (Hanson, 1958 : 37). At the same time he adds

that this series can also be reversed which, however, is not

probable for other reasons. I confidently expect that new
material evidence will come to light during the future studies

of Infusoria which will support our thesis.
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The third addition to my concept which was made by

Hanson regards "The transition from ciHated protozoan to

acoel." It consists in the suggestion that cellularization did

not take place earher than in the Turbellaria and that it can

therefore not be considered as the decisive step in the evolution

of Metazoa proper. The essential difference between the

Infusoria and the Acoela, and thus the decisive step in the

evolution of Metazoa, had been, according to Hanson, the

fact that in the Acoela the karyons had become morphological-

ly complex, in comparison with the Infusoria where they are

physiologically "compound." A progressive organization had

become possible because of this step. The variously placed

karyons had become heterogeneous, and this heterogeneity

w^as increased even more by a subsequent formation of cell

membranes, by a visible cellularization or compartment-

alization.

Hanson is certainly right w^hen he attaches great importance

to the differentiation of the somatic karyons. This, however,

is not something entirely new because I too have thought

of such a differentiation in the form of a regular distribution

of karyons in all the three body layers. Neither have I at-

tributed any primary role to the cellularization because it does

not appear earlier than in the already "finished" yet primitive

Acoela, and even then only partly. Moreover, I believe that

it is a mistake to attribute a leading role to a single peculiarity

in the creation of the Acoela ("crucial point" or "key step,"

according to Hanson). It seems to me much more probable

that they had emerged because of a convergence of several

important characteristics and moments, among which w^e must

mention above all the internalization of the sexual phase

combined with hermaphroditism.

After this discussion of Hanson's study on the primitive

Infusoria I wish now to refer to the important work by I. B.

Rajkov (1957). Rajkov discusses the problem of the origin

of the bikaryonic state of Infusoria using in his study the

discoveries that have been recently made in connection with
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the primitive Infusoria. Rajkov asserts that even now species

can be found among the lower Infusoria which do not have

a "nuclear dualism." As an example he mentions Stephanopogon

Lwoff (1936) whose body has several equal nuclei which are

not polyploid and which contain only little DNA. Quite

bizarre is the case of Trachelocerca phoenicoptera (Rajkov) with

its complex karyon which develops by way of a union of

several macronuclei and which also encloses six micronuclei.

This sounds very strange and it can be interpreted only as a

lateral development from the main line that evolution had

taken in connection with conditions that are typical of the

higher Infusoria. In the conjugant of the same species we
find a larger number of the so-called pronuclei (gamocyte

karyons) from seven to twenty-two. They develop into

three to six androgametic karyons (migrating nuclei).

The fertilization is multiple, its result, however, is one zygote

only w^hich remains alive while all the rest is lost. Rajkov is

right when he concludes that this is a remnant of a former

multiple formation of gametes and that the conjugation of

the Infusoria had therefore evolved from such sexual condi-

tions that are characterized by the gametogenesis and by

the copulation, a fact which several years ago I did not only

maintain but also tried to prove (Hadzi, 1950).

Trachelocerca belongs to the holotrichous Holophryidae which

Rajkov believes to be the most primitive Infusoria. We can

expect that many interesting facts will still come to light du-

ring the future researches.

The Origin of the Complex
Hypercellular Individualities

We will now return to the problem of the cellularization

w^hich was so thoroughly discussed by Hanson. All

biologists agree that the monocellular state with one cell

nucleus, thus the primary independent monokaryon, represents
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an extraordinarily important stage in the evolution of

life (Unicellularia, according to Rotmiiller; Eunucleata, ac-

cording to Moskovskij). The growth in size of an individual

is necessarily limited by such a monokaryonik state. This limit

was overcome several times during the subsequent phylo-

genetic evolution which, in agreement with a generally valid

regularity, did not involve all the lines of evolution that had

developed from one and the same origin. In the meantime a

new bifurcation emerged ;
plants and animals. This bi-

furcation has also taken place in several lines of evolution.

Complex and therefore easily enlarged bionts had evolved

along the line which w^as pursued in the evolution of plants

by way of the so-called formation of colonies; its reason was

a strongly developed cell wall. The phrase "formation of

colonies," however, which is so frequently used is not com-

pletely adequate. The monocellular individuals of one and

the same species can also unite into a biological whole even

if they belong to different colonies. Coenobia and poly-

cellular algae are regularly developed from descendants of

a zygote, more rarely from a vegetative cell (a spore). The

products of division do not scatter, they rather remain together

and develop into parts of a new unit which are organically

connected, they develop into a complex individual. This

process can be considered as a parallel to the process of the

polymerization. The daughter cells are not only all powerful

they are even primarily destined to develop into independent

individuals. They lose part of their "sovereignty" by becom-

ing members of a coenobium or of a colonial union, they

become subordinated to the new unit or entity. This leads

via practice, to a heterogeneity of originally equal and equival-

ent cells, to their differentiation. It can be observed above

all in the development of the generative and of the somatic

cells. Tissues, organs, and systems of organs are also developed

in this way. The freely moving way of life is relinquished

quite early by all the plant bionts (with a few exceptions,

Volvocales !). They become permanently sessile beings which
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agrees with their type of feeding. Even androgametes which

preserved their free mobiHty are now only active when
they are transferred from place to place. This situation has

finally become even more complicated because of an intro-

duction of a remarkable alternation of generations.

In spite of a strong inclination of the plant cells to remain

mutually separated they have nevertheless developed plasmatic

connections which go through the cell walls, or they

had even completely relinquished their cell walls and

had developed in this way syncytia. The case of Caulerpa

and of the whole group it belongs to is w^ell enough

know^n. Here a total polykaryonic stage had been reached.

Among the higher plants it is not seldom that partial syncytia

can be found.

The animals certainly pursued several lines in their evolu-

tion, yet it was one line only which succeeded in making

essential progress while all the remaining lines had already

come to a stop at the level of Protozoa. Another primitive

line led to the formation of Spongiae. The evolution of animals

has been much more vivid because of their heterotrophic type

of feeding, because of their free mobiHty w^hich is connected

with the type of feeding, and—w^hich is a very important

fact—because of the very thin walls of their cells. The limita-

tions of the monocellular and mononuclear state were over-

come along at least three paths. One of these was, so it seems,,

a development which led to a slight increase of the cyto-

plasmatic mass which was subsequently divided half-way, first

into two and later into several parts; its result had been the

formation of considerably larger complex individuals. Yet this

division into halves has not led to differentiation, it remained

rather mechanical, and its result has only been an increased

breathing surface. It was soon combined with a polymerization

of the nucleus. This is how the comparatively large For-

aminifera, e.g. of the type of Nummnlites, evolved. Yet

no genuine Metazoa had ever possibly developed along this

way.
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The second type of development of the complex individuals

was similar to the one we have just described in connection

with the evolution of plants. As in the case of plants we
find now in the Flagellata an inclination to develop colonies.

In the true colonies the products of division of the maternal

cell remain only mechanically attached to each other (coenobia,

colonies s.str.). This had finally led to the formation of

cormi when certain cytoplasmatic connections developed

between the members of the same colony. In this way

the coordination, and finally the differentiation of partners

became possible. This is how I imagine the evolution of

Spongiae which begun characteristically from an already more

highly developed and therefore more specialized group of

Flagellata. I am supported in this suggestion by important

factual arguments. These species of Flagellata were charac-

terized by a cytoplasmatic collar w^hich had developed around

the basis of the flagellum (Choanoflagellata, Craspedomon-

adida). During this development the ability has not been lost

either to abolish the collar form or even to assume an entirely

amoeboid form and type of movement. Even if there were

no species of Proterospongia (two such species have actually

been described in the meantime) it would still be very probable

for reasons that cannot be discussed here that the Spongiae

had evolved from some originally freely-living cormi of

Choanoflagellata after the latter had adopted the sessile way

of life. Nothing can be changed in this connection by the

fact that examples can occasionally be found among the Eumeta-

zoa whose cells have a collar formation. The organization of

Spongiae is in fact entirely different from that of alltheEumeta-

zoa. Neither can this situation be changed by the fact that

a sexual phase with an oogeny can also be found in Spongiae

as well as in the Eumetazoa because we know that the same

sexual conditions had also evolved in various plant groups.

These are properties that had been inherited from the pro-

tistic ancestors of all the polycellular forms, in spite of the

fact that we have here several lines of evolution. It may be
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emphasized that a formation of syncytia can also be observed

in Spongiae, and not only in plants.

The embryonic development, the ontogeny, emerged as a

necessary consequence of this state in all these lines of evolu-

tion, thus in Volvocidae and in various other polycellular

algae, in Cormophyta, and finally also in Spongiae. It is there-

fore not surprising to see that there is a great difference bet-

ween these ontogenies as a result of their separate Unes of

evolution; this is also true for Spongiae in comparison with

the Eumetazoa. No other higher animal group has ever evolved

from Spongiae. The further evolution of the animalic bionts

had begun from another centre.

The most successful attack against the limiting influence

of the monocellular state, an attack which has finally led to

the formation of the most highly organized beings, of the

polycellular animals and man, was made by way of poly-

merization, the pluraUty of nuclei in a cytoplasmatic or plas-

modial body which preserves its individuaHty, and by way

of a subsequent cellularization (Fig. 48). The way along

which this development had taken place and how it occurred

has already been partly discussed, but we will still return to

this problem. The importance and the significance of the

difference which exists between the development of multiple

cells by way of a formation of colonies or cormi, and the

developm.ent of such cells by way of polymerization can

easily be understood. The first type of development is charac-

teristic of plants, and the second of animals. The two types

of development have in common (1) the growth in size; (2)

the possibility of a differentiation; and (3) the sexual phase

with the ontogeny at its end. Cellularity can also be

considered as one of these common properties even if here

there is one important difference. In the polycellular plants

the cellularity is a primary element which is obstinately preserv-

ed; in the Eumetazoa on the other hand cellularity is a

secondary development from a polykaryonic state. Cel-

lularity is almost never completely carried through in the

21
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Eumetazoa (which is particularly true for the middle body-

layer, the mesohyl!); their tissues show a strong inclination

to a return into the plasmodial state which we usually call a

syncytium.

An even more important difference between the polycellular

plants and sponges on one hand and the Eumetazoa on the

other, a difference which became evident above all during

the subsequent destiny of the phyletic development, is the

fact that such a degree of unity can never be reached by the poly-

cellular bionts by way of a colonial formation, as is the unity

that has been reached by the Eumetazoa. The latter had

inherited from the very beginning a uniform and already

comparatively highly developed organization from their pro-

tozoan ancestors, as far as such an organization could be

developed within the framework of a mono- or paucinuclear

state. The objections made by those scholars who adhere to

the old interpretation which considers that all the polycellular

organisms had evolved from colonies of cells—among
these scholars we mention above all Sachwatkin (1956) and

his intensive and extensive work— cannot deny the fact that

a great difference exists between the organizations of Spongiae

and of the Eumetazoa, even if we take into consideration the

sedentary way of life only (e.g. a comparison with the Hydro-

idea). Neither can they abrogate the difference that exist bet-

ween a sum of choanoflagellates where each member still

continues to exist as an individual which must first become
adapted to the "new conditions," and, on the other hand,

an infusorian with various organelles and generally fine struc-

tures which evolves in a direct line into progressively higher

Eumetazoa while at the same time the unity of the animal

is constantly preserved.

There can be no doubt that a new form can develop by

way a coenobium from originally independent "monocellular"

protozoic or protophytic individuals; the development goes

from the state of coenobium via a formation of a colony or of

a cormus to that of the final form. Such a development can

21*
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be observed in numerous Metaphyta and in Spongiae. Yet

at the same time it can also be stated that great progress

has never been made along this way towards a definite whole.

The circumstances led to a change of exactly those metabionts

that had evolved by way of colonial formations to the sessile

way of life. This has proved an obstacle to a subsequent

progressive development. A "blastuloid" organization (Vo/-

vox) represents the highest level reached in the evolution of

the freely moving Metaphyta. Bypassing the immobile Meta-

phyta in which no central organs have been developed we see

that the sponges have not come very far in their evolution

either. They again have not developed any central organs or

any devices which would unite the whole aggregation into

a higher organic entity; they represent a very lowly-developed

side branch of the animal w^orld.

In the numerous, mainly sessile Eumetazoa which had fre-

quently adopted a freely moving way of life (Siphonophora,

Ectoprocta, Taliacea) and w^hich had developed their own
cormi ("colonies") higher units can be developed from several

originally independent individuals. These new units represent

a new organization, they have developed their own indi-

viduality, and it is not even easy to identify their original

complexity. Siphonophora may serve here as the best and

probably also as phylogenetically the oldest example. They

have certainly reached the highest level of development in

this direction. They excel in a highly developed external

homogeneity, they show a considerable polymorphism both

in their polypoid and medusoid "persons" (the formerly

independent individuals), they have even evolved new^ im-

personal and thus specifically cormic organs, e.g. a pneuma-

tophore. Yet on the other hand they have not develop-

ed any centralized nervous system, neither have they been

able to overcome the limitations of Hydrozoa and to de-

velop in this way into a new animal type; this in spite of the

fact that they have become at least slightly freely moving

animals.
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The quicker and higher development of the Eumetazoa was

made possible by their animal type of feeding which is con-

nected with a search for the living prey, and by the free mobi-

lity which is connected with their type of feeding, and finally

by the direct transference to the Eumetazoa (of the type of

Turbellaria) of an already plasmodial and polykaryonic unit

which had already been enriched by all those elements that

could be attained in a monocellular state. It has already been

repeatedly stressed that quite a few zoologists already before

me had taken into consideration the possibility that the Metazoa

had evolved from some infusoria-like ancestors. Yet they were

unable to develop a clear concept because they stood under

the influence of the now still widely accepted interpretation that

the Spongiae, the Cnidaria, and the Ctenophora, thus the

so-called Coelenterata, are the lowest Metazoa (we will bypass

the Mesozoa which are still very problematic). The only

thing these scholars dared to do was make a few brief and

vague remarks on the subject. The way to the new inter-

pretation has become open only now after we have first

developed a new concept of the evolution of the Cnidaria,

after an exclusion of the Spongiae from the sphere of Eumeta-

zoa, and after a removal of Ctenophora from a society with

Cnidaria, and finally after we have bypassed the so-called

Mesozoa. To this wt must also add the recognition that the

Acoela have the lowest organization that can be found among
the Turbellaria, and that this simplicity is not a consequence

of an eventual retrogression but rather a primary phenomenon.

The situation became clear when the barrier that had arti-

ficially separated the polykaryonic and therefore plasmodial

Infusoria from the equally plasmodial and polynuclear Acoela

was dropped.

I«^ LIBRARY
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Is the Plasmodial State of the Acoela

a Primary Element?

The antagonists of the new interpretation soon discovered

its critical point; they beHeved that at this point they had

the best chance to attack my concept. This point is the primary

nature of the plasmodial state that can be found in the Acoela

and in other Turbellaria. This was followed by a cellularization.

Erich Reisinger, endeavours to prove the faults of my
thesis of the primary plasmodial state of the primitive Metazoa,

the Turbellaria included. He believes that in a pplykaryonic state

we must always see secondarily developed syncytia. He tries to

support his criticism not only by means of facts that he collected

in some occasional observations, but also with experiments.

In order to make his interpretation of proposed facts all

the more acceptable Reisinger initially makes an unproved

statement in which he declares our concept to be "schon auf

Grund der total verschiedenen Sexualverhaltnisse der gamo-

togamen CiUate einerseits und der gametogamen Metazoen

andererseits als ausserst problematisch erwdesen."

Let us now consider those facts that were used by Reisinger

as a basis of his conclusions, and above all the proof he

obtained by way of an experiment. Reisinger pressed through

a silk-gauze an already cellularized freshwater triclad Planaria

polychroa O. Schmidt. In the separated rags of tissue Reisinger

could see spheric complexes (the so-called ''Spharien") being

developed in spots where cells ran together to form syncytia

(with the exception of a few cells that remained amoeboid).

Many parts became histoHzed. Thus syncytia similar to the

central parenchyma (= endocyte, according to Westblad) of

the Acoela (all the syncytia are actually similar!) have been

developed from the cellular tissues.

Observations have shown that under the influence of the

protozoic parasites (Sporozoa) of the species Emoccidium

monoti the cellular intestine of the species Otomesostoma can

change back into a syncytial state. Such a development can
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take place, so to speak, normally in Planariae when they take

too much food, a fact which is also mentioned by Reisinger.

By means of some not too tender experimental interventions

Reisinger succedded in leading a syncytial skin layer into a

cellularized state (in Gyratrix and in Koinocystis)\ he used strong

irritations in this experiment. Reisinger also succeeded in

artificially stimulating the opposite process to the one first

mentioned. He mentions the fact which he believes to be in

itself a firm proof, that in all the ontogenies of the lower

Turbellaria that have become known up to now, these onto-

genies take place by way of a cellular development only

("rein zellig"), thus by way of cleavages.

On the basis of all these facts Reisinger comes to the conclu-

sion that there are no primary plasmodia in the Turbellaria

but rather secondary syncytia which show a constant incli-

nation to return under certain conditions into their cellular

components. He ends his discussion with the statement, "Die

von Steinbock und von Had^i vertretene Ableitung der Meta-

zoen von Ciliaten iiber polyenergide plasmodiale Stadien er-

scheint durch unsere Befunde weitgehend erschiittert" (Reisin-

ger, 1959:641).

As regards the "totally different sexual conditions" that are

supposed to exist between the Infusoria and the Eumetazoa,

we have already shown that in this case we cannot really

speak of such a total difference.

We cannot attribute the same conclusive power to the find-

ings made by Reisinger as Reisinger himself would like to

give them, in spite of the fact that they are very interesting.

Reisinger goes even so far in his endeavours to deny the

existence of a primary plasmodial state in the Turbellaria,

that he calls Steinbock's opinion a "pure fiction" (Reisinger,

1959: 642) which is certainly unjust in view of the fact that

Steinbock (Steinbock, 1954) too tried to prove his thesis of

primary plasmodia in the Acoela (which he calls archhiston)

by means of experiments.

It is unnecessary to discuss whether there are any true
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syncytia; any experiments in this connection are completely

superfluous. This is a phenomenon which can be found

scattered in the whole animal world, a fact which has been

recognized long ago. We even know that among algae

which have reached a low level only in their organization

(they are therefore certainly primitive organisms among the

polycellular forms) there is a whole group, among the Siphon-

ales, which shows a strong inclination to form syncytia, in

spite of the fact that these are plants and thus colonial poly-

cellular forms whose cells had evolved quite generally strong

membranes. In the best known case, in Caulerpa, we find

cellularity eliminated to such a degree that it appears only

slightly during the phase of the formation of gonads while

at the same time it has completely disappeared from the onto-

geny. In spite of this Caukrpa has remained a lowly organized

alga, and therefore a plant.

We are particularly interested in the cases that were

observed by Reisinger during his experiments where a cellular

state was developed from a syncytial (plasmodial) state. It

should be mentioned in this connection that a trend must

be taken into consideration by means of which the cellular

tissue of the Eumetazoa developed from the plasmodia.

Moreover, it is quite difficult, even if not impossible, to

decide precisely whether in a given case wx have a true

primary plasmodium or a secondary syncytium. In the case

of the more highly developed Turbellaria it must also be

taken into consideration that their plasmodia have already

reached a state of readiness to pass over into a cellular state

;

in these a slightly stronger irritation can be sufficient to pro-

duce a segregation of their karyons, and thus the formation

of cells. Reisinger did not quote any example of artificial cellu-

larization of the plasmodia Acoela.

As a contrast to all this we can find the very instructive

experiments that were made by Steinbock in the most

primitive Acoela (Amphiscolops) . Steinb5ck could prove with

these experiments that all three parts of the archhiston, all
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the three body layers (which are called by Steinbock ecto-

plasmodium, mesoplasmodium, and entoplasmodium) are all

capable, that they are able to develop a new unit even if

cut into the smallest dimensions (a minute-piece measuring

157 a punched from the posterior end of the animal). They

have therefore the character of a primary plasmodium.

Where can we find a similar case in the whole animal world

of the Eumetazoa that an entoderm can regenerate into a

whole new anim.al even if it exists in a syncytial state?

The most important element among Reisinger's arguments

against the existence of a truly primary plasmodium in the

Eumetazoa (our thesis of a polykaryonic and plasmodial origin

of the Eumetazoa loses every foundation if there are no such

Plasmodia) is, according to Reisinger, "Die ausnahmslose zellige

Primarstruktur friiher Embryonalstadien" (Reisinger, 1958:

642); or, in other words: the ontogenies of the Turbellaria.

Among these, the Acoela begin with a cleavage, thus

with a formation of cells which is only subsequently followed

by a formation of syncytia. Steinbock has already given an

answer to this observation. Above all, very Little is known
about the early ontogenies of the most primitive Acoela. We
agree with Steinbock who does not think that species of

Metazoa will be found with the oldest form of the early

ontogeny (i.e. a plasmodial state) preserved. Evolution has

led in the inactive sessile polycellular algae (Caulerpa) to

a state where a division of karyons takes place as an obvi-

ously secondary phenomenon instead of a cleavage or of a divi-

sion of the zygote.

Scholars have become used, under the influence of the colo-

nial theory and of the blastula-gastrula, to see in the early devel-

opment of the Eumetazoa by w^ay of cleavage (the division

of karyons that can be observed in insects was naturally im-

mediately explained as a secondary caenogenesis) a recapitula-

tion of the phylogeny which is supposed to repeat the primi-

tive formation of colonies by the monocellular Flagellata.

Scholars have begun only recently to analyse experimentaly,
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the early ontogeny taking into consideration the physiological

viewpoint. On the basis of everything we now know about

the very variable ontogenetic morphogenies it appears as

improbable that the first, and thus the oldest, steps in the

ontogenies—which had evolved regardless of the phyletic

antiquity of total divisions of cells, with few exceptions that

can be explained—could possibly represent a recapitulation

of the oldest state in the evolution of the Eumetazoa. It

seems a priori much more probable that physiological fac-

tors, above all the greatly increased need of oxygen as a

consequence of a very intensive metabolism, had caused the

cellularization to be adopted in the early ontogenies. The orga-

nism has thus endeavoured to evolve large surfaces for each

active karyon for the sake of an increased gaseous interchange

(the intake of oxygen, and the delivery of the carbon dioxide).

This has caused the earliest cellularization which took place

ad hoc. This trend had led occasionally to a temporary segre-

gation, to really anarchic states of blastomeres even if the

whole as such had not been lost. The state of the fully devel-

oped animal, the plasmodial state, has been recovered after

this period of "Storm and Stress," and it can therefore be

rightly considered as a primitive state.

Thus the initially reversible cellularization began in all

probability in the earliest ontogenetic stages with cleavage

as its very special form. It was much later that true cellula-

rization combined with the formation of tissue, had evolved;

it remained permanently without losing its ability to return

under special conditions into the plasmodial state. Such a state

is called a syncytium. Actual cellularization did not appear

immediately and generally, but rather by degrees; this is proved

by conditions that can be observed in Turbellaria. First it took

place in the skin layer (the ectodermal epidermis), later in the

intestinal wall (the entodermal intestinal epithelium), and

finally in the middle layer where it has usually not been

complete (the mesoderm s. 1. or mesohyl, usually divided into

the mesenchyme and the coelothelium).
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An Attempt to Reconstruct the Initial State of the

Eumetazoa

After all these criticisms, counter-criticisms, and discussions

we will now try to reconstruct the initial state or the earliest

state of the Eumetazoa. In this attempt I will correct and

improve my previous suggestions which were necessarily

vague. I am well aware of the hypothetical character of this

construction, yet at the same time I believe that it is not

simply a product of pure fancy as this has been maintained by

some of its critics ; it is based on critically selected facts and it

can claim at least some probability, at least as much as can be

claimed for those attempts that have been made so far by

those who adhere to the colonial theory. It should be discussed

critically and compared with the theory which is now generally

believed to be true. From the very beginning I have expected

that this interpretation would not find an easy acceptance be-

cause it requires that the old interpretation which is so deeply

rooted and which at the first sight appears so bewitchingly

clear should be given up. It cannot be expected that the nume-

rous older zoologists could easily relinquish an opinion which

they have considered true for such a long time. It is said

that such a revolutionary idea will have to wait for the next

generation to win its full success. My reconstruction of the

origin of the Eumetazoa stands in opposition to the "belief"

in the colonial origin of the whole animal world and to a

number of other similar "beliefs" (e.g., the question of the

relation between ontogeny and phylogeny, the significance

of cleavage and of other ontogenetic mechanisms, the idea

of germ layers, the "germ path," the general division of the

animal world, the problems of the mesoderm and of the

coelom, etc.). To this we must add the supposed difficulty

which arises because I consider that the Metaphyta and the

Spongiae have evolved out of the colonies of Protista, and

thus in different ways to that which the evolution of the

Eumetazoa had taken.
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Instead of the vague and indefinite statement that the

Eumetazoa evolved first as the Acoela, among the Turbellaria,

from some Infusoria-like ancestors, we can now state with

better justification that the Eumetazoa evolved first

—

contrary to the evolution of sponges and of all the polycellular

plants— as polymerized Protozoa, thus as Protozoa that were

equipped with a larger number of karyons and of kinetids

(cilia); during that state they were no longer typical FlageUata,

neither had they yet reached the state of the typical Infusoria;

yet their ancestors stood closer to the Infusoria than to the

FlageUata mainly because of the fact that their diploid and

polykaryonic vegetative generation (the "indifferent" gener-

ation, according to Dogiel) had also become the bearer of

the sexual, i.e. hermaphroditic, generation. These ancestors can

therefore be called the "Urciliata" (Protociliata) (the primitive

Ciliata).

The gamontized generation therefore also includes the

sexual generation which had remained cellularized (it has by

now already changed into a phase). This sexual generation deve-

lops its maturity in the interior of the maternal animal and it

becomes free in the form of gametes after or during

pairing. The zygotes which are formed in this way, the ferti-

lized &gg cells, develop during ontogeny into a new genera-

tion. Thus the progamic subphase of the sexual phase has been

internalized and this has led to the formation of gonads. These

gonads represent therefore from the very beginning a corpus

separatum in the body of the Eumetazoa and they cannot be

considered as a genuine gland.

The earliest Eumetazoa have taken over all the organelles as

well as the finer and specialized cytoplasmatic structure of

their protozoan ancestors. For reasons that are so far un-

known, the direction of division changed just at this moment
from a longitudinal to a transverse division via an oblique

division. This change occurred during a transition which

is at the same time one of the most crucial transitions in the

whole evolution of the living world. The change may perhaps
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Stand in a causal connection with the longitudinal rows of

cilia.

From this reconstructed form we can deduce without any

difficulty both the line which had been pursued in the evolu-

tion of the Infusoria with their characteristic mergings of the

cytoplasms, the internaUzed sexual phase, and the conjugation;

and the line which had been pursued by the Eumetazoa in

their evolution with their gametes which become free.

The Origin of the Middle Body Layer— of the

So-Called Mesoderm

The very large number of known characteristics common to

both the Infusoria and the Turbellaria described by v. Gelei

has been increased since the publication of his study. In this

connection I would like to call attention to the fact that

Remane himself, one of the most active opponents of the inter-

pretation w^hich suggests a direct relationship between the

Infusoria and the Turbellaria and of its consequences, has

stated that the numerous similarities that exist in the two

groups could not be interpreted as a purely incidental pheno-

menon but rather as a proof of a closer relationship; and that

they made any further proof i.e. transitional cases, patterns,

etc., unnecessary. To this we could add that no facts have

become known till now that disprove this close relationship.

Furthermore, we must also mention a fact whose value should

not be underrated, i.e. that many phenomena can be much
more easily understood and explained if viewed from the

standpoint of my thesis of the Prociliata as the ancestors of

the Acoela, and therefore of the Eumetazoa, than when they

are studied on the basis of the old interpretation which believes

in a colonial origin of the Metazoa. I would like to mention

in this connection the much discussed problem of the origin

of the third, or of the middle, body layer, the mesoderm,

and the coelom problem^ which is connected with it.
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According to the old interpretation, the three body layers

evolved successively one after the other, each after a long

interval of time. This conclusion was reached mainly on the

basis of the formative processes that can be observed during

ontogeny. Yet on the other hand, these processes show a

perplexing variety so that it was impossible to decide which

of them represents the most primitive form. Haeckel proposed

a special stage which contained no body layers and which

he placed before the stage with one body layer. He believed

he found support for this theory in the ontogenetic facts. He
called this stage a morula. It did not actually suit the whole

scheme he proposed and it has not been generally accepted.

The one-layered stage which had according to his interpre-

tation the form of a hollow sphere w^as given the name of

a blastaea, after the ontogenetic blastula; it was thus believed

to be recapitulated in the blastula. All the cells of the epithe-

lium as the most primitive form of the tissue, are identical.

The first differentiation had taken place by way of a separation

of the vegetative and of the sexual functions, and, in connec-

tion with this, of their bearers. This is how the appearance

of the "germ path" was also explained. The zoologists

have not been too embarassed by the fact that no blastaea-

like form can be found among the Metazoa. Haeckel, however,

who found such an absence unpleasant, tried to track down
such an animal form in the sea plankton. Thus a description

was made of a certain "Magosphaera" which, however, had

soon to be removed from the list of animal species because

it was found to be nothing other than a colony of Flagellata.

After this failure a blastaea-like form was borrowed from

the plant world; this is the now famous Volvox ; Volvox still

continues to play the same role even in spite of the fact that we
know that it has nothing in common with the origin of the

Eumetazoa. It should serve as a pattern. Volvox is certainly a

genuine green alga, and a particularly specialized fresh water

alga. It emerged as a final product of evolution along a side-

line. Many forms can be found among algae which show a
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transition from the monocellular species to the colonial

polycellular forms. How can we be certain that the poly-

cellular heterotrophic Eumetazoa evolved in the same way
as was "invented" for an autotrophic regime ? Scholars should

refer in this connection only to developments that can be ob-

served in ontogenies. Yet are these really recapitulations of

some adult ancestors ? Contrary to the widely accepted opinion

which sees in Volvox pattern at least a plan of the primitive

ancestor of the Eumetazoa, wx consider such a suggestion as

completely improbable.

Those who adhere to the old interpretation maintain that

during the second stage of the phylogeny of Metazoa, a two-

layered animal which was able to digest its food, the so-called

gastraea, had evolved from the primitive one-layered hollow

sphere whose members were able to perform, as epithelium

cells, all functions with the exception of the sexual function.

This tw^o-layered form was called a gastraea, after the name

of gastrula. Yet again no such animal exists. It was believed

that the typical evolution of this diploblastic form had been

similar to the development that can be occasionally observed

in the ontogenies w^here the posterior half of the animal (i.e.

the part of the animal situated opposite to the direction of

swimming) invaginates into its anterior half. Thus with one

action the animal succeeded in developing not only its two
layers, the ectoderm and the entoderm, but also a digestive

cavity and an oral opening which w^as unfortunately placed at

the posterior end of the animal. The gastraea as we find it thus

reconstructed is supposed to have lived as a planktonic animal

and it was radially symmetrical. This gastraea descended later

(partly simultaneously, according to Haeckel) to the sea bottom

where it evolved into various "Gastraeadae." The latter were

quite early given the unsuitable name of "Coelenterata." No
gastraea ever existed among plants; it is typical of the poly-

cellular animals. It possessed a skin and an intestinal layer and

showed a corresponding difference in its tissue and in its

cells.
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It has later been found that there are no primary two-

layered animals, except some forms which show traces of a

strong retrogression due to their parasitic way of life. Haeckel

himself showed a considerable uncertainty on this point; he

wavered when he tried to find the actual division between the

two -layered and the three -layered animals (the Coelenterata

and the Coelomata, or the Diploblastica and the Triploblastica);

he even suggested once that the Platyhelminthes should be

classified among the Coelenterata. These animals had not

evolved a genuine middle layer, an actual mesoderm, but only

the so-called mesenchyme or the mesogloea.

Finally, it was established that a majority of Coelenterata

posses a middle (the third) body layer and that they really repre-

sent a very motley group. Platyhelminthes were the first to have

definitely left this group; they were followed by Spongiae

(this, however, has not been accepted by all zoologists).

The Cnidaria and the Acnidaria (=Ctenophora) have thus

remained the last two groups which have still continued to be

classified as Coelenterata. Yet even in connection with the

Ctenophora it has become more and more clear that they do

not really belong here. The Cnidaria have thus been the last

group which have still been considered as Coelenterata, yet

even with these it has been found that they possess the third

(the middle) body layer even if it is only slightly developed.

They are therefore no real Diploblastica either.

Evolution finally led, according to this interpretation, to the

formation of the third layer. The difficulties which emerge

together with it are even greater. The third body layer (actually

its solid part only because the sparse mesenchyme is usually not

considered as a part of the actual mesoderm) develops during

the ontogenies (which should serve as patterns for the phylo-

genetic conclusions) in widely different w^ays. Two such

developments are particularly conspicuous because they gene-

rally even if not completely, exclude each other. In one case

the mesoderm is developed from the ectoderm (the ecto-

mesoderm), or, if we are more precise, from the transitional
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area between the skin and the intestinal layers. In the second

case the middle layer develops as a pure derivative of the

primitive intestinal wall (the entomesoderm) usually by means

of a formation of diverticula growing out of the intestinal wall.

This formation of diverticula partly resembles the formation

of lodges that are developed in anthopolyps together with

their sarcosepta. Attempts have also been made to derive the

formation of the ecterocoele from that of the enterocoele. This

situation becomes even more complicated in the ontogenies

of numerous higher animal groups, above all of the Arthropoda

and of the Vertebrata; thus in the human embryo the mesoderm

develops from not less than five different Anlagen. The human
body is also developed during the ontogeny from four and even

more layers.

These differences in the type ofdevelopment of the mesoderm

which lead to the formation of secondary body cavities

(coeloms), and the differences that can be observed in the type

of development of the intestinal orifices—they all occur in the

ontogenies—even if they are not radical, have served as a basis

for the general classification of the animal groups (Ectero-

coelia or Protostomia, and EnterocoeUa or Deuterostomia). We
must consider this as an unfortunate solution. The point

where this supposed separation or bifurcation of the two large

groups had taken place is assigned characteristically by

various zoologists into different levels.

The question must also be raised whether it can a priori be

probable that the Eumetazoa, which are considered as a homo-

geneous group whose body layers are believed to be mutually

homologous, can all have such a common basic part, as the

middle body layer is supposed to be, and at the same time that

such a part had evolved not only ontogenetically but also

phylogenetically along tw^o essential different ways, so that the

same form is not even mutually homologous. It seems to us

much more acceptable to consider that the middle body layer

is the same everywhere, that it is therefore always a homologous

formation, whose ontogenetic development, however, has

22
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been changed during evolution in the sense of a methodical

rationalization or of a "technical" improvement. Such a

development need not have been divergent, but rather

successive: it was first ecterocoelic (teloblastic) and later

enterocoelic; thus the formation of the "mesoderm" itself has

never had anything in common with the formation of the

intestinal diverticula, nor with the formation of lodges as they

can be found in the Anthozoa.

The intestine too evolved according to the old interpreta-

tion as a new form along several lines; thus the Eumetazoa with

their intestines are supposed to have evolved several times

from a form that had no intestine (blastaea)! Can such an

interpretation be probable? The development of a uniform

intestinal cavity is one of the main characteristics of the

Eumetazoa (therefore the name Gastrobionta, according to

Rothmiiller). We consider that this cavity evolved first in

Protozoa as a transitional digestive vacuole; in the earliest

Eumetazoa this had led to an ad hoc (i.e., for each swallowed

piece) formation of a digestive cavity in their internal Plasmo-

dium; the final result of this development had been a perma-

nent digestive cavity which is surrounded by a specialized

epithelium that contains glands and which is able to resorb

food. It had originally one permanent orifice, and finally two

that are situated in the two opposite parts of the body. Nothing

is changed in this connection by the fact that the ontogenetic

type of formation had afterwards been repeatedly changed,

similarly as in the case of the development of the Anlage of the

middle body layer. The Metaphyta, however, have never been

able to develop anything that could resemble an intestinal

cavity. No new form has ever been evolved from the hollow

sphere of the Volvox. In those cases where some plant species

had begun to catch an organic prey (animals) and to digest the

same we find this digestion to be purely external, limited to the

surface of the plant.

What is then the situation with Spongiae ? There can be no

doubt that the Spongiae are genuine animals, yet at the same
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time they differ basically from all the other polycellular animal

forms (Eumetazoa). Not only had they evolved into their

polycellularforms from their protozoan ancestors along a com-

pletely different way, i.e. by way of some colonies of Flagellata,

they also never developed a true digestive cavity which could

be considered as a homologue of the cavity that occurs in the

Eumetazoa: their chambers that are surrounded by choano-

cytes are not digestive cavities, i.e. they are not a multiplied

intestine. The choanocytes are not gland cells, or intestinal

cells; they digest in their own organelles, in the digestive

vacuoles, in the same way as the solitary or colonial Choanofla-

gellata do. The Spongiae have neither an intestine nor an oral

orifice. The choanocytes which are actually similar to the

Choanoflagellata can only become amoeboid; as such they

had been somewhat differentiated, yet they have never been

able to develop a genuine tissue, and even less so an organ

or systems of organs.

Under the influence of the old interpretation zoologists have

tried to explain the internalization of an originally external

digestive surface. It was supposed that the digestive surface

had been originally situated externally on the body of the ani-

mal because the first colonies (blastaeae) had consisted, accord-

ing to this interpretation, exclusively of individuals that gather-

ed their food independently, W' hich they digested each in their

own vacuoles. These zoologists think that it was only secon-

darily and after the first differentiation had taken place, that

the digestive surfaces w^ere transferred into the interior of the

animal body, w^hich was subsequently covered with the

skin cells. This transference into the interior was supposed

to have taken place in different w^ays as this is shown by the

patterns that can be observed in the ontogenies. The inva-

gination of the posterior half into the anterior half was

considered as the most primitive and typical w^ay ofthe develop-

ment of the intestine (the invagination gastrula). All this is

extremely improbable and it is not supported by facts. These are

pure reconstructions made on the basis of facts that can be

22*
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observed in the ontogenies and under the assumption that they

represent some kind of recapitulation. The development of a

digestive organ by way of internalization, as was suggested

by the old interpretation, can in reality be taken into conside-

ration in connection with the Spongiae only
;
yet even in this

case it did not lead to the formation of a genuine intestine.

The old interpretation meets great, insurmountable, diffi-

culties when it tries to explain the subsequent evolution

of organs, thus of the protonephridia, of the muscular sys-

tem, of the nervous system, etc. All these "tasks" were

already solved on the level of Protozoa. The way to all these

differentiations had been prepared as early as in Infusoria. This

is true not only as regards the size of the body, its form, its

symmetrical conditions, the ciliation and the type of move-

ment, but also for the type of feeding, the transverse division,

the sexual phase together with the hermaphroditism and with

the pairing, the triploblastic system and for all the peculi-

arities of the three layers.

The long list of similarities that can be found both in the

Infusoria and in the Turbellaria (a list which was originally

made by v. Gelei and which has now been enlarged) shows

that these are obviously no accidental similarities, convergen-

ces, or parallelisms; they are instead true homologies w^hich

exist because they go back to a common line of evolution.

These homologies are too numerous for us to consider them as

accidental. The progressive evolution which began from a

common basis continued especially as regards the middle body

layer. We will later return to discuss this problem in more

detail. It should suffice to state here that the function of the

external or skin layer, which is usually called an ectoderm (the

notion and the name have been originally created within the

field of the older embryology of the higher Vertebrata), had

only been to protect the animal and to maintain the contact

between the animal and its environment; while the function

of the entoderm had been on the whole to receive and to

prepare the food; the middle layer (the mesohyl or the meso-
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derm s. 1.), on the other hand, had taken over a large number

of functions and it had later even participated in the formation

of the skin and of the intestine (as a cutis layer of the skin or

as a muscularis). The final result of this is that in an adult

animal we can no longer find any sharply-limited system of

layers ; we only have a whole animal before us.

Two Difficulties of the Theory of Polykaryons

There are in the main two facts which seem to be the cause

of considerable difficulties in connection with our inter-

pretation, in spite of the fact that such a large number of

similarities can be observed in the Infusoria and in the Tur-

bellaria. One difficulty consists in the fact that I consider the

plasmodial-polykaryonic thesis as probably more valid for the

evolution of the Eumetazoa, while at the same time I admit

that the colonial thesis seems to be much more justified for

the evolution of the Metaphyta and of Spongiae. The second

difficulty consists in the fact that in the ontogenies of the

Eumetazoa as well as of Spongiae, the first steps are regularly

made by way of divisions of cells or of cleavages and not, as

one would expect, by way of a division or polymerization of

karyons, which would take place in a permanently uniform

cytoplasm, and by way of a subsequent cellularization. Or,

in other words, why is the supposedly primary morphogenetic

process not recapitulated at least in the lowest Eumetazoa, in

the acoelous Turbellaria? I have already partly shown that

it is possible to explain rationally both these difficulties.

Above all it is comparatively easy to overcome the first

difficulty. I think that it is much more probable— in spite of

the recent attempts (A. A. Sachwatkin) to place the Rhizopoda

\^-ith their amoebae at the root of Protozoa— that the Flagellata

are the most primitive Protista (Protophyta -}- Protozoa). In the

recent Protista we can find active two trends to a higher

development, i.e. the development by way of a formation of



330 THE EVOLUTION OF THE METAZOA

colonies, and the development by way of a polymerization of

karyons and a differentiation of the cytoplasm. The situation in

Protophyta is clear because they depend entirely on a gaseous

food, salts dissolved inwater and the sun rays that penetrate the

exterior of Protophyta. Their units had soon developed firm

cell walls and they had shown from the very beginning

an inclination to form coenobia and colonies (cormi). It

is certainly characteristic that in plants the transition from

the monocellular to a polycellular state had occourred seve-

ral times, as this is now generally believed by botanists.

The Vo/pox-]ine. which has been so frequently misused as a

pattern must be mentioned here as a special case. Volvox is

characterized by the fact that it has remained a freely-moving

form even after it had begun to form special "colonies" and

after it had made the first steps towards a differentiation.

Something similar had also taken place in the Dinoflagellata.

The subsequent evolution of the polycellular plants had been

very slow and it did not make any important progress in the

direction of an integration (individualization) and of a differen-

tiation (the formation of tissues and of organs). Still we should

not attribute all these facts as being due to the colonial origin

of plants. The whole regime of metabolism has also had an

important role in this connection, as well as the immobility of

plants (the fact that they are attached to their substratum). A
local and partial mobility was achieved in a different way than

in the case of the Protozoa and of the Eumetazoa; this was due

to the fact that no muscles or nerves have ever been developed

by plants in spite of their ability to contract and to conduct

irritation.

It has already been mentioned that in Metaphyta a signi-

ficant formation of syncytia can not infrequently be observed

(Caulerpa and its relatives, some tissues of higher Metaphyta

which function as vessels, etc.). The example of Siphonales

shows that no special plant type has ever been developed by

Metaphyta by way of secondary syncytia which would include

new elements that could be considered progressive.
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As in the case of Metaphyta, nobody (as far I know) has

tried to derive the Spongiae from some polykaryonic ancestors

;

the colonial "spirit" of the Spongiae is much too obvious. The
difference which exists in various interpretations of the origin

of Spongiae are centred exclusively around the problem wheth-

er we can consider that Spongiae have a common origin

with other Metazoa (Eumetazoa), or whether they evolved as

a special type of polycellular animals from the colonies of

specialized Flagellata, the Choanoflagellata. Originally, zoo-

logists, who all came under the influence of ideas of Leuckart

and Haeckel, were inclined to believe that the Spongiae do not

represent an extra type, that instead they were genuine Gastra-

eadae. Numerous and important differences that exist between

Spongiae and other Metazoa w^ere noticed, yet again those

differences were attributed to diverging evolutions which had

started from a common origin (the primitive polyp). Scholars

soon became perplexed when they found (Metschnikoff, Sollas,

Delage, and others) that the greatest differences occur in just

the earliest ontogenies; the interpretation has therefore been

more and more widely accepted which sees in Spongiae a

special case among the polycellular animals. In the system of

the animal kingdom they were therefore separated as Parazoa

(Sollas) or as Enantiozoa (Delage) not only from the Coelente-

rata but also from all the other Metazoa, the Eumetazoa.

Nobody has found any objection to the fact that a cleavage

occurs in the ontogenies of Spongiae in the same way as in the

Volvocales and in the Eumetazoa.

This situation is definitely solved, when the derivation of

the Eumetazoa from the colonies of Flagellata is generally

accepted. Objections, even if not supported by any very

important and convincing newly discovered facts (the sup-

posed discovery of nerve cells in Spbngiae by O. Tuzet and

by her school cannot be considered as a sufficient proof)

have suggested that the Spongiae had a common origin with

the remaining Metazoa and that the differences which exist

between the Spongiae and the remaining Metazoa were not
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absolute and that the same differences could be explained

rationally.

As an instructive example I wish to quote here the inter-

pretation that was proposed by Marcus (1958). He discusses

the evolution of Spongiae in the following paragraph, "The

oldest animals, the Zoomastigina, evidently gave origin to

sponges and coelenterates, which are connected at their com-

mon root (Heider, 1885). Transitory forms between flagellates

and sponges do not exist, as Proterospongia is a regenerating

fragment of a sponge (Tuzet, 1945). As sponge larvae have

ordinary flagellated cells, the Porifera need not have arisen

from the Choanoflagellata. In any case, sponges and Cnidaria

must have originated together, because both have germ layers.

There exist other parallels between sponges and true Metazoa

(Eumetazoa). The definitive layers of the Calcarea and simple

Tetractinellida are achieved by a process similar to gastrulation

by invagination. What previously had been described as in-

version of the germ layers, is understood today as multipolar

inwandering (Meewis, 1938). Spongillids show an "accelera-

tion embryonaire" (Brien and Meewis, 1938) like many limnic

Eumetazoa. The alternations of shape in the blastula (pseudo-

gastrula, stomoblastula, "plissement" of the coeloblastula of

Halisarca) are intelligible as the result of the small space

available for embryonic expansion in the body of the parent

sponge. "The evolutionary line of sponges was divergent from

the beginning and ends blindly." (E. Marcus, 1958:26).

All these arguments are supported by rather weak facts and

they do not prove to be convincing enough. They could be

complemented by two additional arguments which were

mentioned by Tuzet ; the supposed presence of nerve cells in

Spongiae, and the fact that in some Eumetazoa, cells can be

found similar to choanocytes. Yet all these objections cannot

conceal the basic fact that the Spongiae do not possess an

intestine (neither had they secondarily lost suchan intestine), and

in connection with this they do not have an oral or even less

so an anal orifice. It should be mentioned in passing that a
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separate derivation of Spongiae from some cormi of Choano-

flagellata can be considered to be more acceptable than a com-
mon deduction of all the Metazoa from some colonies of

collar-less Zooflagellata. The former interpretation would
appear more plausible even if the case that there were no
Proterospongia were true, because no transitional form between

the Flagellata and the Eumetazoa has become known up till

now and in spite of this there are so many zoologists who
"believe" nevertheless in the latter type of derivation. In the

meantime another species of the Proterospongia has been disco-

vered (we have already mentioned this in our study) and there

can be no doubt about its nature.

And what can be said of the argument or even "proof" of

the statement that the larvae of Spongiae possess ordinary

flagellated cells which are only subsequently, by way of

metamorphosis, developed into the choanocytes ? This should

prove, according to Marcus, that the Spongiae cannot be

deduced from the Choanoflagellata ! It seems as if the Spongiae

were the only animals which had no right to evolve special

early phases capable of swimming freely, and all zoologists

can see in them an example of recapitulation. The spongu-

lae are new forms like all the freely swimming larvae of the

Metazoa; the animal does not need any collars of cytoplasm in

order to be able to swim ; these collars can rather be consider-

ed as a hindrance. The spongulae do not feed independently.

What can then be the value of the equation: germ layers

= the same origin? It is even less convincing than in the case

of flagella which have been just discussed. All the germ layers

are a product of a rationaUzed ontogeny. There are no, and

there never wxre any, germ layers in the Metazoa, not even

in their lowest forms. If, in spite of this, we wish to talk about

the germ layers (better, body layers) in analogy to the onto-

genetic conditions that can be observed in the higher Ver-

tebrata, we see that it is just at this point that there are radical

differences between the Spongiae and the Eumetazoa. These

differences cannot be simply dismissed with the nice phrase:



334 THE EVOLUTION OF THE METAZOA

"theinversionof germ layers" which is so typical of Spongiae

and which has been the reason that the name Enantiozoa has

been given to them, is simply a "multipolar inwandering." In

reality it appears also as an invagination and as a unipolar in-

wandering, thus in all the forms that we are used to find in a

normal "gastrulation," yet it is usually reversely polarized!

In the same way we could speak about germ layers in Metaphy-

ta, or at least of something that is similar to this ontogenetic

process. We are therefore not yet justified in supposing that

there has been a common origin. Yet in spite of this, all the

organisms represent a community, even if the complex organ-

isms evolved several times. We must not forget that all the

metabionts had originally evolved from the primarily solitary

Flagellata. It is therefore not surprising that we find many

common elements in them in spite of the fact that they

evolved several times and invarious ways from these Flagellata.

There is no species of Spongiae— at least as far as I know—
which begins its ontogeny with a division of karyons, thus

without a simultaneous division of cells or without a cleavage.

In the Eumetazoa on the other hand w^e can find such a

development quite frequently even in such groups as the

insects. We can rightly consider this type of development

as a result of a secondary evolution. The larva (spongula)

of Mycale passes subsequently, according to H. V. Wilson

(1935), into a syncytial state. A formation of syncytia, how-

ever, can also be found elsewhere among the Spongiae,

especially in those cases where we have a formation of macro

-

scleres. We are therefore not allowed to conclude immediately

that in all those cases there had been a polykaryonic phylo-

genetic origin where an animal type of a metaphyte can be

found w^hich forms syncytia. The well-kno\\'n case can be

mentioned here in passing where under the influence of a

very simple saline solution a larva of Polychaeta was changed

into a plasmodial animal (Lilly). It w^ould be wrong to con-

clude on this basis alone that all the Metazoa had evolved

from some plasmodial ancestors.
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Can Egg Cleavage Be Really Considered

as a Proof of the Colonial Theory?

We can now return to the question: can we conclude on
the basis of the fact that the ontogenies of a majority of

Eumetazoa begin with a cleavage, i.e. without a polykaryonic

state, that the Eumetazoa also evolved (similarly as Metaphyta

and Spongiae) from some colonies of the Flagellata? Those

who adhere to the old colonial theory find this situation

considerably simpler, especially if they believe in the validity

of the "fundamental biogenetic law" and if they consider

that the evolution proceeded in the direction Mono-, Di- and

Triploblastostoidea. In this case one could expect in advance

that the Eumetazoa also develop as postgamous individuals

by way of polytomous or repeated divisions of cells, and

secondarily and under special conditions plasmodially. This is

the case when their zygote is overloaded with a reserve food

while at the same time it is possible that a change in the type

of breathing also plays an important role in this connection.

I think, in spite of the apparently greater probabiHty of a

generally colonial evolution of all the metabionts, that the

Eumetazoa evolved from a plasmodial or polykaryonic state

and that they adopted their cleavage as a result of a secondary

development at a period when the older stages and the adult

animal form had already become cellularized, even if we
are well aw^are that we cannot offer any strict proof for

this interpretation. We can make our interpretation only

probable, and that on the basis of two "indications." The
first indication w^hich has already been mentioned could be

the physiological necessity of the parcelling or of the cellula-

rization just during the earUest ontogenetic stages because of

the great consumption of oxygen and because of the need of

large free surfaces which is a consequence of the increased

consumption of oxygen.

The following objection can be made against this indication.

If the cellularization had appeared at such early stages of the
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ontogeny, how is it then possible that this situation is not

preserved and why does the internal structure return into

the plasmodial state? To this we can remark that in all proba-

bility the physiological factors of the evolution as well as the

inherited properties could be responsible for such a develop-

ment. Moreover, we can call attention to the fact that even

in Metaphyta and in (as we have just mentioned) Spongiae

w hich both had certainly evolved from some colonies of cells,

we can observe during a certain stage an incUnation to form

syncytia. This stage is again followed by a period of cel-

lularization.

The second and even more important indication can be

found in the long list of similarities that can be observed in

the Infusoria on the one hand, and in the acoelous Turbellaria

on the other. These similarities make it probable that

the Eumetazoa had evolved from the polykaryonic Infusoria.

We can therefore conclude that initially the postgamous divi-

sions were limited to the karyons only, that the youngest

embryos had a plasmodial character so that no recapitulations

take place any longer in the early development.

Zawarzin (1945-1947) was not influenced, by the facts of

cleavages, against the colonial theory. He placed the separa-

tion of the monocellular and polycellular animals far back

into the remote geologic past, to a period when the separation

of the animal and plant lines of evolution had taken place.

The Metazoa had evolved, according to his interpretation,

without any differentiation parallel to the Protozoa from the

polyenergid plasmatic masses. This is a very radical concept

which lacks probability because it presupposes that the sexual

phase evolved in both lines (thus parallel to the plantal line)

at least twice independently from each other and that it had

led in spite of this to similar conditions. Neither does this

concept explain the numerous similarities that exist between

the Infusoria and the Turbellaria. How can we then interpret

the not rare cases of the polykaryonic Protozoa?
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The Basic Principles That Should Be Used

in a Reform of the Whole Animal System

The necessity, or the unavoidable consequence, of chang-

ing the previous interpretations of the phylogenetic processes

of the animal world becomes self-evident when we summarize

the individual results of our study. They can be enumerated

as follows:

(1) The evolution of Cnidaria had been mainly retrogressive

(it was partly progressive in a speciaHzing direction) because

of their sessile w^ay of life. This sessility of Cnidaria is a

secondary phenomenon. The evolution of Cnidaria did not

proceed in the direction Hydrozoa -> Scyphozoa -> Anthozoa

as this has been believed till now, but just in the opposite

direction.

(2) The Cnidaria are not the most primitive and thus the

lowest Eumetazoa in spite of the fact that they have the

simplest structure. The most primitive Eumetazoa are in

reaUty the mainly plasmodial Acoela, among the Turbellaria.

(3) The primitive Eumetazoa had not been radially sym-

metrical animals; they were instead bilaterally symmetrical

which was a consequence of their way of Hfe ; they were able

to move actively over a solid substratum. The radial sym-

metry had been developed secondarily as a consequence of

their sessile way of life which had been secondarily adopted

by them.

(4) The Spongiae are a special group of Metazoa, they sho\^'

a special structural type, they have their ow^n way of feeding

and their own form of development. They must be definitively

separated from any connection with the other Metazoa, the

Eumetazoa. They stand thus as Parazoa between the Protozoa

and the Eumetazoa. They must be therefore excluded from

the group of Coelenterata.

(5) The Ctenophora cannot be considered as Coelenterata.

Like Cnidaria they had evolved from the Turbellaria, yet

starting from their own root and parallel to the evolution
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of Cnidaria. The Cnidaria had evolved from the rhabdocoeloid

Turbellaria, and the Ctenophora by way of neoteny from the

planktonic larvae of Polycladida.

It has been found that it has become necessary to submit

the phylogenetic relationships of other animal groups to a

critical revision in spite of the fact that all the findings made

by me and the conclusions reached on the basis of these fin-

dings have been limited above all to the lowest groups of

the Metazoa. This revision must be made from the same

standpoint and under the application of the same working

methods that have led me to a necessary reform of the

interpretation of the evolution of Metazoa from Protozoa,

and especially of the phylogenetic evolution of the Cnidaria.

Thus a revision has become necessary of the genealogic tree

and of the graphic representation of the phylogenetic con-

nections of the large groups, as well as of the systematic-

taxonomic classification.

First I will make a brief explanation of those principles

which I used in my work on a reform of the animal system.

The comparative morphology of recent animals and of those

animals that have been preserved as fossils was, is, and remains

the main method that can be used in our work when we
wish to construct a natural animal system and above all the

genealogical tree of the animal world. It can be expected that

in the future biochemistry will also make essential contribu-

tions to this field. All the facts should be taken into considera-

tion by the comparative morphology, both those that can be

observed by w^ay of a general and of a detailed analysis and

comparison of the adult forms, and of all the other stages

of development, beginning with the gametes; while at the same

time we must also take into account the physiological and

ecological moments and the changes of the environment. In

our morphological comparisons we pay special attention to

the adult stage, and only in the second line to the ontogenetic

stages; we have been led to this both by the experiences we
have had so far and by the theoretical conclusions.
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The historical circumstances have been the main reason

why, since the days \\hen the idea of evolution became

accepted for the whole field of biology and above all for the

field of phylogenetics—and in connection with this into the

fields of systematics and taxonomy— scholars have relied too

much on facts that can be observed in ontogenies. The wrong

interpretation of the mutual relationship between the ontogeny

and the phylogeny ("embryos-ancestors," according to de

Beer) has played a particularly fatal role. It can never be

repeated frequently enough that a basic mistake was made

by the so-called "fundamental biogenetic law" as formulated

by Ernst Haeckel which proposed that each ontogeny, even

if it was secondarily more or less changed, was in principle

a recapitulation of a phylogeny in the sense (which does not

appear clearly in the formulation) that these were the earlier

adult stages being recapitulated. At the first sight this

difference does not appear to be too significant because

recapitulations do indeed occur during the ontogenetic devel-

opments and they are also highly welcome in our phylogene-

tic operations. Even if we do not wish to discuss the whole

problem, we will mention one typical example whose

consequences have proved fatal.

This is the phylogenetic evaluation of a characteristic on-

togenetic stage which occurs quite frequently, i.e. that of

larvae. Any "proof" which could support the idea of evolu-

tion was highly welcome during the "storm and stress"

period of biology when this idea still had to struggle for its

final victory. The planktonic larvae of some sessile or parasitic

animal types have not only proved to be of help in endeavours

to determine the true nature of the corresponding adult

forms which had been considerably changed. Peculiarities that

are characteristic of a somewhat broader group of animals

are preserved or recapitulated in larvae while at the same time

these properties have been lost in their adult forms. Various

zoologists, however, have gone further than this by stating

that an ancestral form as such is recapitulated in larvae and
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that these ancestors were adult animals which lived in plank-

ton. These scholars have not been satisfied with a recapitulation

of individual properties or of whole stages (phases), they have

believed instead that, in principle, the whole phylogeny can

be recapitulated.

I have been accused of underrating those facts that can be

observed in the ontogenies which could be used in the re-

constructions of phylogenies. It is not difficult to show that

it is the opposition which places so high a value on the same

facts that they are actually in this way misinterpreted. As an

example we can mention here in passing the development

of the mouth in the ontogenies. The functioning oral opening

of all the Eumetazoa is certainly a homologous form, i.e.

it must have a common origin; yet in the ontogenies the

same oral opening is developed during very different stages

of development and in different ways (from the so-called

primitive mouth, after the closing of this primitive mouth,

and finally as a secondary intestinal opening while the primary

mouth is changed into an anal orifice). It is true that these

types of development have been observed in the ontogenies

of several animal groups and that even if they are not a

recapitulation of a common adult ancestral form (the old

ontogenetic stages must naturally also be considered as

ancestors) they can still be a common property which has

been supplementarily acquired and they can still serve as a

proof of a direct relationship. Should these conclusions be

justified or at least probable then there must be no unexplain-

able exceptions, neither can a single peculiarity be decisive

if it appears together with other common characteristics. In

such cases the possibility must also be excluded that certain

characteristics are not actual parallelisms, i.e. that they are

not peculiarities that evolved after the separation of the lines

of evolution had taken place, or that they had not emerged

in completely different lines of evolution.

In our search for homologies, i.e. recapitulations of the

morphological peculiarities of the adult stages, we must be
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very careful. Yet we should be even more careful when in

this search we w4sh to identify the embryonic, post-embryonic,

and above all the larval stages. Everything shows that the

peculiarities of the not fully adult phases are even more subject

to greater and special changes, regardless of the fact whether

they live under the protection of the maternal animal or of

protective hulls, or finally as free animals that feed independ-

ently; these phases can therefore not be considered as re-

capitulations in the old sense of the word. The changes and

new formations which have a purely ontogenetic character

have nothing in common with the peculiarities of the adult

animal. It is therefore wrong to endeavour to show that

such characteristics had already functioned in the ancestors

of recent forms. This can be best seen in the attempt made

by Boettger (1952) who tried to explain functionally the

changes of the oral and anal orifices that can be observed in

the ontogenies of the Eumetazoa (Protostomia-Deutero-

stomia). These and other similar changes can take place during

the ontogenetic ontogenies only, thus during the non-

functioning phase of the evolution.

This shows that generally we must be very cautious when

we try to use the ontogenetic facts for our phylogenetic

constructions (speculations). Other facts and methods must be

also constantly taken into consideration. We must constantly

distinguish between the material established in the non-

functioning phases and that established in the functioning

phases yet not in the sense of the adult stage, and between the

final stages of development and those stages which directly pre-

cede the definitive stage, e.g. metamorphosis and the stagewhich

frequently follows it. Metamorphosis emerged as a necessary

phase of the ontogenies ; it is a consequence of a widely dif-

ferent development of the larval phase. Such a metamorphosis

can have really catastrophic proportions, or in other cases

it can be considered as a non-functional ontogenetic event.

Those authors who try, too quickly, to conclude, on the basis

of some similarities that can be observed during the larval

23
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Stage, that there are some closer phyletic connections, will

come in all probability to the wrong interpretation of the

phylogenetic developments. This is the case with the inter-

pretation proposed by Marcus (1958) regarding the Ectoprocta

and Endoprocta. He tries to unite these two groups because

of an accidental similarity that can be observed in their larvae

(the trochophoroid larvae) in spite of the great difference which

actually exists between these two animal groups, especially

as regards the organization of their adult forms. These are

clearly analogies only that occur in the adult forms and in

larvae (cf Had^i, 1958 and P. Brien, 1960).

The more probable interpretation seems to be that special

larval stages were developed independently by each larger

group of animals. The way of life of these larval stages is

completely different from that of the adult animals. We can

come to a more plausible conclusion regarding the relation-

ship connection only if we also take into consideration other

very important characteristics and peculiarities which are not

limited exclusively to the larval stage.

Fortunately enough we find that recently zoologists have

become more and more convinced that it is necessary to

relinquish the erroneous "fundamental biogenetic law" which

sees whole phylogenies repeated in the ontogenies, with a

very small number of deviations (^'Falsch/mge^'') which cover

10-0 per cent only of the total number ; all the rest are, accord-

ing to this interpretation, palingeneses, i.e. recapitulations.

We get such an impression when we read the reports (both

reviews and discussions) given at a special symposium of

zoologists from Northern Germany, Ontogenie itnd Phjlogenie

(ZooI. A^f^., 164, 1960). On the other hand we find scholars

who still adhere to this quasi-law^ and who try to save w^hat

can still be saved (Remane and his school). They courage-

ously defend Haeckel's definition, making only occasional

retreats, while at the same time they miss the main point which

is that this old concept is \\rong in principle when it compares

the ontogenetic stages of recent animals with the adult
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ancestral forms and when it even equates these two different

elements. Remane would like to reach at least a compromise

end so he proposes that the w^ord "rule" should be used

instead of the word "law" while at the same time he still

continues to use the old word. Such a proposition, however,

does not touch the main problem, above all because zo-

ologists prefer to avoid the word "law" quite generally in the

modern biology, and even more so the phrase "the basic

law." Neither has the adjective "biogenetic" been very for-

tunately selected; it should be avoided because in the general

biology the word "biogenesis" signifies the origin of life on

our planet. And above all we can see how senseless it is to

speak in this connection of a rule if we use the expression

"the rule of the relation between the ontogeny and the phylo-

geny" (or even better: "between the ontogenies and the

phylogeny") instead of the phrase "the biogenetic rule." We
have actually here a biogenetic phenomenon which we still

have to study intensively, and where we are still far from

knowing its exact character. Would it not be sufficient if we
simply call this biological phenomenon a recapitulation in

order to characterize in this way a special case of repetition

which probably takes place in each ontogeny and which is

apparently a reiteration of characteristics and peculiarities that

had originally belonged to the adult stages of the ancestral

forms? This would then be recapitulations in a narrower

sense of the word which can serve as best proof in our

phylogenetic speculations. Yet there are also other recapitul-

ations (s. lat.) which may also prove useful in our phylogenetic

constructions which, however, must be used with consider-

able restraint. These are the ontogenetic repetitions of those

characteristics and pecuHarities which have nothing in com-

mon with the final stages of the ontogenies, with the fully

adult functioning stage. Haeckel called them caenogeneses

(Falschmgen, falsifications, deviations). If we look upon this

problem from the point of view explained here then we must

admit that theoretically such cases can exist where the whole

23*
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ontogeny of a certain animal species or of an animal group

had been changed so much that it no longer shows any trace

of recapitulations s, str. We believe that it is completely

improbable that cases could exist where up to 90 per cent

of characteristics that can be observed in an ontogeny could

be interpreted as true recapitulations. In this connection we
can mention the important difference which can be found in

the evaluations made by botanists regarding the frequency

of recapitulations that can be observed in plants. Broman

(1919) who studied this problem as an expert in genetics puts

the maximum at 30 per cent, and Zimmermann (1943) even

at 80 per cent.

In future the symmetrical conditions should be studied more

critically than they have been till now, especially if we wish

to use them in our phylogenetic and systematic-taxonomic

constructions. Fortunately enough we can find that a con-

siderable progress has now been made in this direction. The
notion and the word Radiata and other similar names (Radialia,

etc.) should be avoided from now on. We soon find, if we
accept this suggestion, that the opposite symmetrical con-

dition, the bilateral symmetry and the corresponding category

Bilateria have also become unnecessary and that they should

also be abandoned. These symmetrical conditions are very

changeable. They depend entirely on the type of movement
or on the kind of contact w^hich exists between the animal

and its immediate environment. Not infrequently, we can find

different symmetries side-by-side in one and the same animal

group (taken phylogenetically they naturally occur one after

the other); some transitory forms have also become known.

Bilateral symmetry must be considered a priori not only

as a characteristic but also as a primary property of animals

which are able to move, in opposition to plants which are

immobile. Radial symmetry, which in animals occurs only

rarely, is therefore a secondary phenomenon. It is certain

that a symmetry can be changed much more easily than the

whole structure. A transition from a horizontal (parallel to
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the substratum) to a vertical attitude is sufficient to start a

trend towards radial symmetry (towards the polypoid form).

This change of symmetry can make a rapid progress regardless

of the original form of structure when this induction is sup-

ported by an attachment of the animal to its substratum. It is

obvious that the general type of structure nevertheless plays

a certain role in this development. It is enough if we refer

in this connection to the case of Aprocta-Euprocta. Radial

symmetry can develop much more easily and fully in the

aproctous type than in the Euprocta ; in the latter the anal

opening which was originally situated opposite to the oral

opening must be first transplaced, and finally abandoned,

before they are able to develop a perfect radial symmetry.

Recently, a significant tendency can be observed among
zoologists to use the highest categories, especially that of the

phylum, quite frequently w^hen they classify larger groups of

animals. Not infrequently, we can find systems w^hich propose

even up to forty different phyla, so that finally we could get

an impression that there were the same number of completely

different types of structures, and that the scholars are probably

too subjective when they use the category of a phylum. It

seems to me that in this way the true phyletic relationships

only become blurred. It may be better for us to use the

category "phylum" more carefully as long as w^e do not

dispose of more exact methods of determining the antiquity

of a certain structural form. The mistake will probably be

less significant if we exaggerate in the opposite direction, even

if in this way we expose ourselves to the accusation that we
would like to take refuge in the old notion of a "progressive

scale of all things," or of ^H'echelle animale.^' Such an accusation

is entirely unjustified as we will show later. We must pay

our main attention to the classes, to their peculiarities and

to their groupings which must not always be made from a

purely formaUstic point only. We can expect that in future

many such uncertain problems will be clarified by means of

biochemistry.
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Evolution Generally Had a Progressive Trend

Quite generally and, as it seems to me, correctly it has been

assumed that the evolution has generally taken a progressive

course. This, however, should not mean that there had been

no retrogressive evolution. Cases of distinctly retrogressive

phyletic evolution are well enough known and it is therefore

completely unnecessary for us to try to prove them in our

study. Whole classes have emerged as a result of .a retrogres-

sive evolution; yet at the same time we must be aw^are of the

fact that these retrogressions did not lead to reductions only,

but also to some new acquisitions which appeared as a con-

sequence of a specialized way of life. This was the same w^ay

of life which had caused a reduction of important organs

or systems of organs. An internal parasitism and a completely

sessile way of life have been the main cause of such a retrogres-

sive development (cf. Cestoda among the Ameria, Rhizo-

cephala among the Polymeria, and Tunicata among the

Chordoma). The question arises here whether any limit can

be found in such a development in the sense: what is the

highest systematic category where such a generally retrogres-

sive trend can still be observed? When we see that there are

not only classes (Dicyemidea, Cestoda) that had evolved by

way of a basically retrogressive development, but also sub-

phyla as this is proved by the case of the Tunicata, w^e cannot

exclude the possibility that even a w^hole phylum had eventual-

ly evolved by way of an evolution which shows a mainly

retrogressive trend. Later we will return to discuss this

problem more in extenso.

Among other factors which must be kept in view when
we try to reconstruct the phylogeny of the animal world or

its genealogical tree that could serve as a basis of a natural

animal system, we must mention the various interpretations

which have been proposed regarding the origin ot large

groups. It is by no means surprising to see how^ wddely dif-

ferent opinions have been adopted by the zoologists on just
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this point. They all waver between the two extreme inter-

pretations because they do not know of any exact method

by which to determine the absolute age of individual animal

types (frequently we cannot even determine their relative age),

nor have they available any evidence in the form of fossils.

One of these interpretations believes that there is no difference

between the process of specialization, or the evolution of

species by way of slight steps in the direction to such a dif-

ferentiation, and the evolution of very large types of animals.

According to this interpretation the "geologic age" can be

considered as the only factor; the whole evolution had been

uniform and gradual, yet it was not shared by all the species

or all the lines of evolution.

The opposite standpoint has been defended above all by

the palaeozoologists, and it is connected with the names of

several zoologists; it believes in special, i.e. revolutionary,

changes which had led to the formation of completely new
animal types. We cannot find as many animal types as would

be expected if evolution had constantly been strictly slowly

evolutive, and never revolutionary, marked by sudden greater

changes. The origin of the minor taxons is now already well

enough known. Important sudden changes could also be

observed in various cultures and experiments. It is therefore

almost certain that the new types do not emerge in the w^ay

as w^as formerly thought, so that a young bird could

suddenly emerge from an egg of a reptile. It is also clear that

in the development and the preservation of a certain type

of structure much can also depend on the external factors

(the conditions of the environment). It is not my task to

discuss here in detail the problem of macro-evolution versus

micro-evolution. Still I wish to emphasize that I accept

the standpoint as represented by neo-Darwinism combined

with that of the genetics. As in the case of numerous other

problems of biology we consider the phenomenon of the

origin of new animal types to be a complex factor. It can be

only approximately conjectured where the limit is between
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micro- and macro-evolutions. It is my opinion that the

evolution of new types does not take place in one way only,

and that the rapidity of these changes can be widely different,

i.e. that there are species which are very old and conservative,

and species which are very young, of which we can say they

have just been developed.

The fortunate discoveries from the younger geological ages

(e.g. that of the Archaeopteryx) can help us to get a clearer

idea how the development of a new sub-type, let us

say of a class, must be understood. De Beer (1954) has

shown how in this case and probably also in many other

cases within the frame of the Vertebrata, new^ mosaic-like

combinations of characteristics that had existed individually

and scattered within the frame of an older subtype (the

peculiarities of a type, however, in our case those of the

Vertebrata, are preserved) emerge as mutations parallel to the

changes of the environment. They develop into new combina-

tions and as such they become "new" peculiarities which

win a predominant role due to the working of natural

selection.

This type of formation of new animal forms which should

be considered as representatives of higher taxonomic units

is now known under the name of Watson's rule. It has cer-

tainly not been the only element which influenced evolution.

It can be considererd also in connection with the evolution

of other animal types and, so it seems to me, also with

the evolution of the Cnidaria within the frame work of

the turbellarian type. Later we will return to discuss this

problem.

There can be no doubt that the descendants which show

considerable variety and which therefore represent new
animal groups can be developed by w^ay of neoteny. The best-

known case which has also been studiedby way of experiments

is th2it oi Proteus ; it could be established that in a not very

remote past, a new subtype of tailed Amphibia had developed

by way of neoteny; this subtype was given the rank of a family
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by the taxonomists. The geologically much older Appendicula-

ta, among the Chordoma, were given at least the rank of an or-

der. The Chaetognatha, which are considered by some zool-

ogists as an extremely isolated group and which are therefore

considered to represent a higher systematic category (e.g. Be-

klemischew), have even been given the rank of a special class.

I have succeeded in showing (Hadzi, 1958 c) that the Chaetog-

natha evolved by way of neoteny from some Brachiopoda.

In connection with the highest animal types, above all in

connection with the high systematic category of phyla, it

appears as very probable, (1) that there can be only few such

categories; (2) that they must be very old taken from a geolog-

ical point of view; and, (3) that they evolved as a consequence

of a combination of a special genom, the change of the

environment, the change in the way of life.

Finally, I must touch another problem even if I do not

consider it to be of a very great importance. This is the

question whether the phylogeny of animals had been mono-
or poly-phyletic. I wish to mention this problem because

some accusations were made against me that, in my attempt

to reconstruct the phylogeny, I approach, the pre-Darwinian

concepts {'Techelle animale,''^ and other similar interpretations).

Quite naturally I must reject such an accusation because it

is entirely unjustified. There can be in principle no linear or

ladder-like evolution if we accept the standpoint of the neo-

Darwinism. The alternative question of a monophyly versus

a polyphyly is completely wrong. We can immediately see

when we observe all the riches of the animal forms, and above

all if we take into consideration also the palaeozoological

forms, that the problem can only be of a monophyly and an

oligophyly (yet not in an alternative sense). The few attempts

to construct a genealogical bush instead of a genealogical

tree have not been received favourably by zoologists. Some-

thing very similar has been proposed recently by Lemche

(1958) who suggested four main branches or subordinate

stems.
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In order to avoid any misunderstandings I wish to mention

that I think here of large groups only. We can see, if we make

a survey of almost innumerable attempts to construct the

genealogical tree of the animal world, that almost all these

genealogical trees are based on the principle of the oligophyly.

This is also true for my attempt. If we observe the best-known

case of the Vertebrata, where we are not obliged to work

with special phyla, we can see that in these evolution had

proceeded concordantly with the principle of the oligophyly,

and not of the polyphyly and there had been probably only

one diphyly when the reptilian type evolved on the one hand

into birds, and in the other into mammals. Yet even these two

highest groups did not evolve in all probability from a com-

mon initial point as can be understood if w^e view the extremely

schematized sketches of the genealogical tree.

G. S. Carter who sees in my attempt a similarity to 'U'echelle

aniwale^' has in his own attempt taken into consideration the

diphyletic development only of his superphyla which cor-

respond roughly to my phyla. The "radiation" of his super-

phylum Annelida, however, does not issue from a single

point, or from a single root, but rather from a very prolonged

curve.

The example of the evolution of the Protozoa shows that

we are not alw^ays able to use the concept of monophyly

only. Here polyphyly seems to be the most probable

form of the evolution. Yet even here the w^ord polyphyly

sounds an exaggeration because it seems that there were only

two to three separate lines of evolution. The word oligophyly

appears therefore to be more suitable also in this case. The

same is true for the evolution of the Metazoa from the Pro-

tozoa; it is quite improbable that in the evolution ofthe Metazoa

there were more than two separate roots or points of separa-

tion, i.e. besides those of the Parazoa and the Eumetazoa,

that of the Mesozoa also, as the third root.

The question also arises of how those cases can be evaluated

and named where two or several subtypes had probably evolv-
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ed from one type, yet not by way of a radiation which had

started from the same centre in the same geological age, nor

from the same level reached by the primitive type. Such a

development can be observed in the Turbellaria as the initial

form for the evolution of Ameria with their numerous "side

branches" or subtypes. Their developments had probably

begun (this cannot be strictly proved) from separate ''Anlagen

of buds" (we cannot possibly speak here of roots).

This shows the relative character of the distinction between

the "monophyly" and the "polyphyly." It frequently depends

on the taxonomic rank we give to a certain animal group,

above all whether this is a phylum in a narrower or broader

sense of the word.



CHAPTER 4

THE NEW CLASSIFICATION

OF THE ANIMAL WORLD AND
THE NEW GENEALOGICAL TREE

The General Premises

The "Limit Between the Plant and the Animal Worlds

A general revision of a system, which is akeady more than one

hundred years old and which has therefore become very

stabiHzed, has now become necessary above all in connection

with the earliest Metazoa, because of the discovery that the

Cnidaria do not represent the most primitive Metazoa, that

their simple structures are a consequence of their transition

to the sessile way of life, and that they had evolved from the

Turbellaria (the turbellarian theory of the Cnidaria). To these

discoveries we must add here also the interpretation which

sees in Spongiae a type of Metazoa that had evolved completely

separately, and which tries to explain the possible origin of

the Ctenophora by way of neoteny from the planktonic larvae

of the Turbellarian Polycladida. The notion and the taxon

of Coelenterata have now become superfluous because they

have lost their meaning. There can no longer be any Coelen-

terata, rather, they have really never existed. This group was

built on erroneous interpretations. We see that the notion

opposite to that of the Coelenterata, that of the Coelomata,

also loses its justification as a consequence of the abolition

of the Coelenterata. What can be done now in this situation ?

352
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I could have satisfied myself by selecting one from the un-

fortunately numerous animal systems, a system which w^ould

seem to me to agree best with the natural facts, and propose

those changes which have now become necessary within the

framework of the same system. This was done by the palaeozo-

ologistA. H. Miiller (1958:3) who has constructed a genealogi-

cal tree of the animal world mainly on the basis of the scheme

which was originally outlined by L. Cuenot while at the same

time Miiller took into consideration my theory about the

Coelenterata ("unter Zugrundelegung der Coelenteraten-

theorie von J. Hadzi"). Even such a change of the system is

sufficiently radical and it can be expected that the zoologists

will prefer to oppose it than to accept it favourably. This,

however, can only be interpreted as a good sign because a

certain amount of conservatism may not be amiss here.

Yet such a solution would be insufficient above all because

of the fact that the Coelenterata have usually been considered

as identical with the Diblastica. Thus the problem of the middle

body layer (mesoderm or mesohyl) together with that of the

coelom s. str. appears in a new light, a problem which itself

is of great importance because of its significance for the main

division of the animal groups. All these reasons have induced

me to place my reform of the animal world on a broader

basis so that in this way we can come closer to our ideal ; to

develop a natural, i.e. evolutional, animal system.

The first difficulties we meet with, however, emerge as

soon as we try to determine the position of the animal world

(regnum animalium, animalia, zoa, Zoaea,) within the framework

of the world of living organism (bionta, organisms). It is not

my intention to discuss in detail these difficulties. We can

distinguish between three main types of organisms if we take

into account the w^ay they feed; the same three types also show
certain morphological differences. For reasons that are purely

theoretical, and in agreement with our interpretation of the

first emergence of the organisms ("of life" as we usually say),

we must give the first place to the primarily heterotrophic
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organisms. We consider them to be the first and phyloge-

netically the oldest type. It cannot be proved with certainty

that such organisms still exist. In view of the fact, how^ever,

that in the main evolution there was regularly one part

only that had further evolved while another part had remained

on the same old primitive level (certainly with some smaller

changes) we must admit the possibility that there still exist

essentially unchanged descendants from the primary heterotro-

phic organisms that were neither plants nor animals. We can

think here at once of viruses; it is even possible that not only

viruses can be placed into this group, and moreover not all

the organisms that are now known as viruses can be classified

into this group. In the meantime the viruses have become

strongly specialized, they live now mainly as endoparasites

with animals and plants. By way of a purely logical thinking

we can conclude that in the era of the primary heterotrophic

organisms the latter had lived freely, feeding mutually on

each other. Such an era, however, could not possibly have

been of along duration because under such conditions life

would necessarily soon come to an end if the producers of

the "living substance" had not evolved in the form of or-

ganisms which were capable of chemosynthesis; such forms

can already be classified among the bacteria. A new difficulty

emerges here of how to distinguish these primitive organisms

from the "younger" saprophytes which are usually classified as

plants. All these organisms can be considered as a special

group, and since it is necessary to name them, we could call

them Anucleata after Rothmiiller, or Monera after Barkley

(the latter name, however, does not mean the same thing

here as it was understood by Haeckel).

The Anucleata which were capable of chemosynthesis

probably also evolved into the second main type of organisms

which feed autotrophically or by means of photosynthesis.

These organisms are plants (Phyta) regardless of whether they

are mono- or polycellular forms. All plants can be divided

practically and roughly into Protophyta and Metaphyta; yet
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such a division does not seem to have much sense if viewed

entirely from the phylogenetic standpoint. It is more than

probable that the Metaphyta had evolved several times from

various protophytic lines. Neither is it sensible to bring

together in our system of organisms, all the nucleate (mono-

cellular) plants and animals into one group of Protista (Proto-

bionta, according to Rothmiiller, Unicellularia, Thaloidea,

Protista, according to Barkley; yet not according to Haeckel).

We are not justified in proposing such a group because its

members had evolved in all probability polyphyletically and

because it is obviously necessary to make a distinction be-

tween plants and animals. Rothmiiller believes that such a

distinction should be made on a higher level only, on the

level of the polycellular beings, where he distinguishes be-

tween the Cormobionta (i.e. Phyta, according to Barkley) and

the Gastrobionta (i.e. Zoaea, according to Barkley; Metazoa

s. 1. autorum).

The third main group consists of animal organisms w^hich

are secondarily heterotrophic (Zoa, Zoaea, according to

Barkley). They feed at the expense ofthe autotrophic organisms.

If we wish to remain consistent we must not classify as animals

such Protophyta which feed either "occasionally" hetero-

trophically (while at the same time they lose their chromo-

plasts) or permanently in the same way as animals while at the

same time they preserve characteristics that can be easily

identified and which show that they certainly belong to the

Protophyta. The fact alone that they are monocellular forms

cannot be considered as sufficient reason for a classification

of such a being as an animal. This is the case with the Cysto-

flagellata (with Nocfiluca etc.) within the group of the Dino-

flagellata. Because of such species or even whole groups we
could think that there is no uniform group of animals. Zo-

ologists should rather agree to exclude these forms from the

animal world and thus to leave them to be studied by bota-

nists or by protistologists who specialize in them. This would

be the fate of the so-called Phytoflagellata which do not even
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constitute a uniform and taxonomically fixed group, of the

so-called Mycetozoa (Myxomycetes, as they are called by

botanists), and of the problematic Xenophyophora. If we drop

the notion and the name of the systematic group Phyto-

flagellata then we are logically obliged to do the same with

the Zooflagellata (as a name of a group). Zoology as well

as the zoologists lose nothing if they transfer into the field

of botany (Phytology) a number of Protista that had second-

arily adopted the heterotrophic type of feeding. In fact they

can win in this way a great deal because by means of such

an exclusion a clear limit can be drawn between the world

of animals and the world of plants. Moreover, a majority

of "attempts" which were made by Nature to cross the

limit between the autotrophic and the heterotrophic organisms

soon came to a stop so that no new type of organism has ever

evolved in this way. This is best illustrated by the example

of the Cystoflagellata which consist of three monotypic genera

only (among these Noctiluca is best known). Other descend-

ants also have a completely isolated position from the typical

Dinoflagellata that adopted the parasitic way of life.

Repeated attempts have been made to construct a system

of Protista on the basis of their cellular structures. The Pro-

tista have therefore been frequently divided into the sub-

cellular (without distinct cell nuclei: Protocytoidea, accord-

ing to Naef), primarily cellular (among these are a majority

of the monocellular Protophyta and Protozoa), hypercellular

(with polymerized parts of cells, the cell nucleus included),

and finally the polycellular and secondarily cellular forms.

Such a classification does not seem to be very useful in our

systematic and taxonomic work. It is not useful in connec-

tion with the animal world because the animals do not include

any subcellular species; neither is it useful for the plant world

because there are no secondarily nuclear plant species. Such

a division, however, can be very good from a purely notional

point of view, and within the broader frame of a general

biology. Even the word "acellular," after Dobell, is usable
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as a notion in spite ot the fact that it is formed in a rather

negative sense: it is not uniform and it includes various

categories (the subcellular, hypercellular, and actually also the

primarily monocellular forms).

The System of the Protozoa

Now w^hen we have draw^n a clear limit between the Proto-

phyta and the Protozoa wx must also draw a limit between

these and the higher forms. This does not seem to be such

a difficult task because it has become clear that no correspond-

ing transitional forms have survived till now. We can there-

fore still continue to use the name w^hich was introduced

some time ago, that of the Protozoa (Goldtuss, 1820) even if

this word has not been most fortunately selected and in spite

of the fact that in the mea;ntime its exact meaning has been

changed several times. The first sub-kingdom can therefore

preserve its old name of Protozoa until it is changed by an

eventual international decision. Few attempts only have been

made to construct an animal system which do not include

the taxon Protozoa (cf. the system proposed by Ulrich, 1951).

Scholars have usually been satisfied to give the rank of

classes to the subdivisions of the Protozoa. Usually there are

from four to five classes; this is dependent on the fact of

whether we consider the Sporozoa s. lat. as one or as two

classes (Telosporidia and Amoebosporidia, according to Dof-

lein and Dogiel, 1937). The first scholar w^ho proposed that

the subregnum Protozoa should be divided into two larger

subgroups was B. Hatschek (1888). He proposed in his

famous 'Lehrhuch der Zoologie (unfortunately never completely

published), that the first three large groups, i.e. Flagellata,

Rhizopoda, and Sporozoa, should be included in the phylum

Cytomorpha while each of these large groups should be given

the category of a cladus (thus a higher category than that of

a class). The phylum Cytoidea (i.e. "similar to the cells," now

24
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the "hypercellular forms") should consist of an independent

cladus of Ciliata. Hatschek also united the two phyla into

the division Cyto2oa. In spite of the fact that Hatschek was

the first 20ologist who suggested such a classification we now
find the same division generally used, yet under other names

which were coined (quite unnecessarily) by Doflein (1901)

as the Plasmodroma and the Ciliophora.

In many respects the Ciliata represent in fact an isolated

group among other groups of Protozoa. The standpoint can

also be defended that the climax of the progressive evolution

of the Protozoa had been reached in the Ciliata. In spite of

this it seems to be rather problematic that we should separate

the Ciliata so thoroughly from the Flagellata by means of

such a strict division into two large groups because it is quite

certain that the Ciliata evolved from the latter. It may be

better and more in agreement with the genetic conditions

if for the present we avoid dividing the main groups of the

Protozoa taxonomically into subgroups. In morphological

practice, however, the notional pair Cytoidea and Cyto-

morpha may prove useful, as is also the case with the notion

of the Undulipodia (Hadzi, 1944) which includes the FlageUata

and the Ciliata because of their undulipodia (flageUa and cilia).

In the literature we can frequently find that the division of

Protozoa into two large subgroups has not been accepted

(cf. Hall's Proto^oolog)}).

Some protozoologists, e.g. Belar and others, may be right

when they suggest that the taxon "phylum" should be given

to those groups of Protozoa which have been given the taxon

"class" so far, even if in the Protozoa the morphological

differences (the structural forms) are not so conspicuous,

owing to their acellularity and small dimensions, as in the

geologically younger Metazoa. We must take into considera-

tion here the fact that the Protozoa had at their disposal a

much longer period for their evolution than the Metazoa.

This circumstance has perhaps also been the reason why
protozoologists are still so uncertain regarding the relation-
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ship and connections that exist within the sub-kingdom

Protozoa. This uncertainty is met with as soon as we try to

solve the question of which group of the Protozoa should

be placed at the beginning. Naturally enough this question

is also connected with the problem of the origin of the

Protozoa.

If we bypass the earliest studies of the Protozoa we see

that initially a majority of zoologists had considered the

Rhizopoda and the amoebae as the most primitive Protozoa

because they do not have a permanent external form and

because they develop transitional pseudopodia only. These

forms were considered as the initial forms for the evolution

of the Flagellata and subsequently also of other types of

Protozoa. Since about the time of E. A. Minchin (1912, cf.

Hall), however, the Flagellata have usually been given the

first place because they have been considered as a form that

had developed from the Phytoflagellata. Pascher has later

especially brought forward important arguments in favour

of this new interpretation. This, however, did not mean that

this difficult problem has been definitely solved. On the one

hand there appeared Sachwatkin (1956) as an assiduous

propagator of the older interpretation which beHeves in a

priority of Rhizopoda and of amoebae. On the other hand

Grasse (1948), an excellent and experienced researcher in

Protozoa, has recently suggested that the two large groups of

Protozoa should become united into a new group which he

called Rhizoflagellata. These should represent a large uni-

form central group which had served as a starting point for

the evolution of all the other groups of Protozoa. The main

argument Sachwatkin brings forward to support his theory

of the priority of the Rhizopoda is— besides the unpolarized

character of these animals and a supposedly primary absence

of flagella which Sachwatkin derives from the actinopodia

of the Heliozoa—above all their primary heterotrophic type of

feeding. He brings this fact in connection with Oparin's

theory of the origin of organisms. The possibility cannot be

24*
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excluded in principle that the primarily heterotrophic orga-

nisms (in all probability micro-organisms)— thus the organisms

that had existed earlier than the eutrophic forms— had evolved

into the animal Protista, thus into the Protozoa; yet at the

same time such a suggestion cannot be made probable either.

It must be assumed, if such a deduction be right, that the

flagella had evolved at least twice, or we must suppose that

the Protophyta had evolved from the Protozoa which does

not seem to be probable at all. For all these reasons the inter-

pretation which believes in the priority of the Flagellata

appears to be more probable. The suggestion made by Grasse

has one purely formal advantage because it avoids the problem

which of the two groups should be given the priority. We
could justify such a unification from a factual point of view

only if w^e could prove that the common primitive form had

both flagella and pseudopodia and that the separation of forms

did not take place once only but several times. The suggestion

for such a unification has perhaps been made too early and it

is possible that in future it will be found that the suggestion

has been justified. It seems to us that the Flagellata represent

the central type of the Protozoa, that all the other types of

Protozoa up to the Ciliata had evolved from the Flagellata, and

that the Flagellata had played a role similar to the role of the

Turbellaria, among the Metazoa.

Here we are not interested in any further and more detailed

taxonomy of the Protozoa inasmuch as it has no connection

with the evolution of the Metazoa. We would only Hke to

point to the fact that the polykaryonic (plasmodial) states can

be found developed by way of nuclear divisions—thus by way
of a polymerization of nuclei (which, however, is not identical

with the incomplete division!)— everywhere in all the large

groups of the Protozoa, even in such that lead an entirely

parasitic w^ay of Hfe; and that a process can afterwards be

observed in the personal development cycles which is very

similar to a cellularization. This process takes place in such a

way that either the "young cell" is, so to speak, excised from the
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Plasmodium (as we usually call the polykaryonic state), or so

that the whole polykaryonic mass disintegrates into the mono-
cellular, and thus simply cellular, parts or individuals.

On the other hand comparatively few cases can be found

among the Protozoa s. str, where permanent unions (colonies,

cormi) appear as a consequence of successive divisions (palin-

tomy, according to Sachwatkin). If we exclude the Ciliata, we
can find such formations of colonies among the more primitive

Flagellata. As far as I know there does not occur even a single

case among the Protozoa below the Ciliata where even a

slightest trace of a polymorphism can be observed among the

members (zooids or persons) of the colonies of Flagellata,

neither can we find any differentiation into the purely vegetative

and into the sexually active zooids. The Ciliata on the other

hand can sometimes be found to develop colonies. In these colo-

nies the zooids had developed mutual organic connections by

means of stems, and here we can also find a slight differentia-

tion of zooids even if it appears in their sexual characteristics

only. So far nobody has ever thought of deriving the Metazoa

from such "colonies" of Ciliata.

The Transition from the Protozoan to the

Metazoan State

Thus it appears that the main line of evolution had in all

probablity proceeded, as far as we can establish this on the

basis of our present positive knowledge, from the Crypto-

monada (according to E. C. Dougherty) by way of Chryso-

monadina (Cuenot) to the Zoofiagellata (Mastigophora) with

the Bodonidea or quite generally Protomonadina (according

to Cuenot and Grasse) at the beginning. Here a rich ramifica-

tion can be observed. It had led to the emergence of the Rhizo-

poda or the Sarcodina, and the two parasitic groups which are

usually united in our classifications under the name Sporozoa

in spite of the fact that they had evolved at least diphyletically.
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These Flagellata had afterwards evolvedalongat least four di-

verging lines: The first two lines ended "blindly" as Protozoa.

The first of these lines is represented by the Flagellata. In this

line we can observe a strong inclination to polymerization.

The line ends with the Hypermastigina which now only live

in other animals. The second line is very short, it consists of a

Metazoa

/ EumetSzoa \

Zoonagellata TurbeUaria /

Metazoa

/Parazoa
^

Parasitic

FlageUata

FLAGELLATA
(Protozoa)

Fig. 49. Evolutionary relationship Flagellata-Metazoa; (orig).

few species only w^hich belong to the Opalinidae (Opalinata,

according to Wessenberg). These again live as parasites in the

bodies of other animals. The third line had actually broken

from the narrow frame work of the Protozoa, yet it evolved

into a weak branch only of "polycellular" forms or Metazoa,

i.e. into the Spongiae whose subsequent development had

soon ended blindly (Fig. 49). It was the fourth line which

had played a leading role; it had begun with the primitive

Ciliata and it had continued to evolve all the way along the

main line of the development of the Eumetazoa.
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All these suggestions have a strongly hypothetical cha-

racter. It is therefore not surprising if we find numerous other

interpretations of this development. A majority of zoologists

consider that the Ciliata represent a blind side branch of the

Protozoa, and that the Metazoa had evolved directly from the

colonies or aggregations of the genuine Flagellata. It is believed

that this latter evolution had been either monophyletic (e.g.

from the Choanoflagellata, according to Lameere) or diphyletic

(once as Spongiae and the second time as Eumetazoa). We will

not mention here all the other interpretations which are even

less probable or which are occasionally quite bizarre. We can

give here as an example only the interpretation that was

proposed by Awerinzew (1910); he considers that the Metazoa

did not evolve from the Protozoa, and that instead the two

groups developed simultaneously along two parallel lines of

evolution from some even more primitive ancestors. Franz,

too, considers that the Protozoa and the Metazoa only had

some common ancestors; these ancestors were algae which

had already reached a somewhat higher level of development

and which afterwards evolved on the one hand into the Proto-

phyta and these into the Protozoa; the higher plants had

evolved from the Protophyta parallel to the development of

the Protozoa; the other Hne of evolution had gone from the

algae by way of a "blastaea" tow^ards the Metazoa. Fortunately

enough, such extravagant interpretations have never been

accepted by anybody.

It is generally considered that the Ciliata evolved (mono- or

polyphyletically?) from the Zooflagellata; yet no recent

transitional forms have ever been found, neither do w^e know
of any transitional forms between the Ciliata and the Metazoa.

Zoologists have tried to avoid these difficulties by referring

to the pattern that can be observed in plants, yet at the same

time they have completely forgotten that this is a pattern only,

an analogy, which represents a possibility and which must not

be interpreted as an indication and even less so as an evidence.

There are a few facts only which take place in the ontogenies
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of Meta2oa (cleavage, the "blastaea" stage) and which could

eventually be interpreted as indications; yet there are also

other possible interpretations of these same facts which are

even more probable. It has already been emphasized that the

only satisfactory evidence that can be found in the recent

Protozoa point to the evolution of the Spongiae from the

Choanoflagellata, while there are no facts available which

could be used as evidence of the corresponding evolution of

the Eumetazoa.

In my opinion there are three more or less probable ways

ho\^' we can interpret the evolution of the Metazoa from the

Flagellata. These three variants are:

(1) Spongiae Eumetazoa
/ /

Flagellata -> Cihata

(2) Spongiae

Flagellata -> Ciliata -> Eumetazoa

(3) Ciliata

/
Flagellata -> (blastaea) -> Mesozoa -> Spongiaria -^

-> Eumetazoa

There is no great difference between the first and the third

variant. It is only a question of the interpretation of the origin

of Spongiae. We have already dealt sufficiently with this pro-

blem in our discussions and we have come to the conclusion

that the Spongiae represent an isolated group. The diphyletic

origin of the Metazoa (the variant No. 2) appears therefore to

be more probable than the monophyletic evolution (the variant

No. 3). There remain the variants No. 2 and No. 3 only if we

disregard the variant No. 1 which seems to us be quite im-

probable. Here w^e do not take into account the inessential

differences that appear within the frame\\ork of the third
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variant, i.e. whether evolution proceeded primarily by way of

a blastaea, or a planula, or a parenchymella. Certain charac-

teristics that are common both to the Spongiae and to the

"genuine" Metazoa (the Eumetazoa) do not disprove the

diphyletic origin of the two groups and the independent

evolution of the Spongiae. The same properties (these common
characteristics are generally the sexual phase and the ontogeny

which follows this sexual phase, with its initial phases, the

cleavage, the blastula, the gastrulation) can also be found in

the plant world during the transition of plants into the poly-

cellular forms, above all in the Phytomonadida or Volvocales.

These simiilarities are therefore clearly parallelisms.

One more possibility can also be taken into consideration

which, however, can also be considered as a variant of the

pattern No. 3. This possibility is that all the Metazoa had

evolved from the colonial Choanoflagellata. According to such

an interpretation the Spongiae were the first which had

evolved, while the remaining Metazoa, the Eumetazoa had

developed from a very early phase of this phylogeny. We find

such a variant, w^hich can hardly be defended, quite unaccepta-

ble (Kemna has perhaps thought of some similar kind of

development?).

Thus we find that contrary to the situation which exists in

plants it is comparatively easy to divide the animal world into

the Protozoa and the Metazoa inasmuch as we do not consider

that the Protozoa consists exclusively of the heterotrophic

monocellular (i.e. mononuclear) animal species. The Umit

between the Protozoa and the higher forms is also clear and

I dare maintain that no transitional forms between the Protozoa

and the Metazoa wdll ever be found among the recent species;

such forms had probably died out long ago.
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There Are No Well-Warranted Mesozoa

Before we begin to deal with the taxon Metazoa it may

prove useful if we discuss briefly the problem whether the

taxon jMesozoa, which is frequently used by zoologists, be

justified or not.

Without any intention to go here into details we wish to

state that w^e understand as "Mesozoa" only the Orthonecto-

idea (Orthonectida + Dicyemida). In all the other cases which

were also considered as Mesozoa it has been possible to

establish with considerable certainty that they were not real

Mesozoa s. l. We wdll therefore not discuss them in this

connection. So far the Mesozoa have been given various

taxonomic evaluations; as a maximum they have been consi-

dered as a sub-kingdom (cf. Zoological Names^ etc., published

by AAAS, edited by A. S. Pearse, 1949); as a minimum they

have been classified as an appendage only of the Platyhel-

minthes (e.g. by Cuenot). Moreover they have also been evalu-

ated as a phylum (e.g. by L. H. Hyman, The Invertebrates^

L, 1940) which is a middle-way found between the two

extremes. So far the whole problem has remained unsolved.

The most extreme solution can be found in Beklemischew

(1958) who simply does not mention the Mesozoa at all in his

systematic survey of the animal groups because of the un-

certainty which exists regarding their systematic position.

In this way he is not obliged to accept the auxiliary solution

and to represent the Mesozoa as a kind ot appendage. Bekle-

mischew's solution is quite naturally purely formalistic. We
must decide which interpretation appears at the present

moment (on the basis of our present knowledge) as the most

probable.

The main problem is whether the simplicity of the body

structure which we find in these animals can be considered

as a primary phenomenon, or whether it is a result of a

secondary development which had taken place as a conse-

quence of their parasitism. It appears as much more probable
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that it is a result of a secondary simplification (so-caJled "de-

generation") because these animals are very speciaUzed endo-

parasites which pass through a phase, even if short, of a free

life. This, however, does not mean that there had been no
partially progressive evolution, especially at the point of the

development cycle; this can be observed in the Sporozoa

among the Protozoa and in the Platyhelminthes (Trematoda).

We will leave it undecided whether this was a case of the

neoteny with the miracidium larva as the initial form, or

something else.

This interpretation will appear a priori more probable to

those who accept the theory that the Metazoa evolved from

some colonies if they take into consideration the classical

interpretation that evolution proceeded along the line blas-

taea-gastraea. Yet the planula thesis too seems to be now
much less firmly rooted (Hatschek suggested the phylum
Planularia, with the Planulozoa as the only cladus).

Those who accept the polykaryonic theory could derive the

Orthonectidea directly from the CiHata by way of a poly-

merization and of a partial cellularization which can be easily

identified. There is, however, a large number of facts which

completely disprove such a derivation. The equally numerous

similarities appear as analogies, as a consequence of a retrogres-

sive development which was caused by their endoparasitism.

The Dicyemida seem to be much more reduced forms than the

Orthonectida because they are built of a smaller and definite

number of skin cells. It cannot be therefore expected (as this

has been repeatedly emphasized) that anything essentially new
could come to light with a discovery of those parts of the life

cycle of these animals which have remained so far unknown.

In all probability such a discovery will not help us to get a

more precise knowledge of the origin of the Orthonectoidea,

even if such a possibility cannot be completely excluded.

We come therefore to the conclusion that there are no

Mesozoa in the sense as this word has been used till now.

Neither had they ever existed, because both the Spongiae and
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the Acoela had in all probability passed quickly through the

intermediate stages of evolution while there had been in all

probability no third type of evolution. It is therefore complete-

ly improbable that any corresponding transitional forms will

be found in the future. Even if such forms had existed in the

most remote past they have certainly not left any identifiable

traces of their existence.

Otto Steinbock (in his report at the symposium held in

California, 1960) has recently made an interesting suggestion

of considering the Ciliata as actual Mesozoa. This suggestion

is in fact nothing more than an ingenious observation; the

actual Ciliata are in reality genuine even if complex Protozoa,

similarly as are, for example, the Nummulites, the Hyper-

mastigina, and the Opalinidae. The evolution of the Metazoa

had gone parallel to the evolution of these forms and there

are the hypothetical Proacoela only which could be considered

earnestly as "Mesozoa."

The Classification of the Metazoa

The Parat(pa as an Independent Suhregnum

In spite of the fact that the evolution of the complex "poly-

cellular" forms had been so widely different in the plant and

animal worlds we find that this difference does not have an

absolute character. All the known facts if viewed objectively

disprove that the evolution of these complex forms—which

had made possible their differentiation and a larger size of their

bodies—had been monophyletic within the sphere of animals

and that it had been basically different from the evolution of

plants. There are the Spongiae which have been given such

wddely different scientific names and which have been found

to be problematic in several respects ; in a certain sense they

are more similar to plants than are the remaining polycellular

animals. Originally they were considered as Zoophyta; the
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founders of the theory of Evolution, however, and above all

Ernst Haeckel, had the unfortunate idea of classifying them

as Coelenterata. A little later, before scholars succeeded in

identifying the completely aberrant ontogeny of Spongiae,

they were pronounced by Huxley (1875), Sollas (1884), and by

other zoologists to be a form which stands completely apart

from other polycellular forms. And what had been the main

reason why the Spongiae with their special organisation and

way of life have continued to be considered as Coelenterata in

spite of the discovery made first by Metschnikoff of the special

character of their ontogenies ? It was again the fatal gastraea

theory as it was proposed by Haeckel! Spongiae occasionally

possess (as is also the case with the Eumetazoa) a freely swim-

ming larva which has on the w^hole the form of a blastula.

This form has therefore been considered as a recapitulation of

the blastaea. It is followed by a gastrula-like form which

again has been considered as a recapitulation of the gastraea.

Is there anything else that could be desired?! Haeckel, as a

master in this field, has also coined attractive names: Olynthus

and Ascon. In his scheme he placed them possibly close to the

Hydra and to the "typical" gastrula and the whole impression

reached in this way was quite convincing. This idyll was not

disturbed by an actually quite unpleasant fact that the "spon-

gian gastrula" becomes attached by means of its primitive

mouth, that it does not possess a digestive intestine, that it

subsequently develops a new opening at its "aboral" pole

whose function is rather that of an anal orifice than that of a

mouth (thus the Spongiae would therefore be a special type

of the Deuterostomata), and that the Spongiae show numerous

orifices (pores) in their body w^all where the sea water is

drawn by means of choanocytes (they substitute here the

digestive entodermal cells) into the internal system of canals

in order to be finally forced out through a larger opening (the

osculum) after it had gone through a special filtration system

and after its oxygen had been removed. As far as I know
there in not a single species of Spongiae which as such would
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consist exclusively of the sexually mature and solitary olynthi

or ascons. It may be therefore better to speak ot an olynthus

stage which appears above all during the ontogeny (perhaps

as an already sessile larva or as a kind of a postlarva) of the

Calcispongiae. Complex individualities are soon developed

by way of a further growth (budding or incomplete divisions)

and in these it is frequently difficult to identify the single

individuals or persons. A labyrinth of external and internal

canals is soon developed. This complex can finally adopt a

homogeneous form, it can become an individualized com-

plexus (cormus). Most frequently, howxver, we find the

olynthus stage not repeated at all. Larvae of benthonic or even

sessile animals are not recapitulations of any ancestral forms,

neither are spongulae anything of this kind. Their structures

and forms show an equally rich variety as can be observed in

the Cnidaria larvae.

The Spongiae have repeatedly been discussed in the present

study, in w^hich I have also tried to explain the phylogeny of

the Spongiae as it appears to have taken place. I have also criti-

cized the opposite arguments, above all those that were

brought forward by Tuzet, which try to place the Spongiae

as members of the large group of Metazoa. I definitely

accept the thesis which considers that the Spongiae evol-

ved quite independently of the main body of the actual

Metazoa from the cormi of the Choanoflagellata, in spite

of the fact that the Spongiae represent a polycellular

animal type with a complex structure. Taxonomically the

Spongiae must be considered without any doubt as something

more than a phylum. We only have to make the decision

whether we should place the Spongiae together with other

polycellular forms (which evolved in all probability from a

common root of protozoan ancestors) into one and the same

subregnum of Metazoa, or whether it would be better to

consider them as a special megataxon similar to that of a

subregnum which could be inserted between the Protozoa and

the Metazoa, or the Eumetazoa. In the second case we could
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use the already existing name of Parazoa Sollas 1884. It will

be better for us to accept the view that each taxon should

include one animal group only which had evolved monophyle-

tically; we should no longer use as a taxon the notion and the

name Metazoa, which should represent from now on a

morphological notion only. Instead of the Metazoa we should

rather use the name Eumetazoa when we speak of a special

taxon.

The name Enantiozoa which was proposed by Delage is not

only younger, it is also less fortunate ; the question is not that

in Spongiae the three body layers occur perhaps in an inverted

sequence, i.e. that the skin is found in the interior of their

bodies and that the intestine occurs externally, but rather that

the Spongiae possess an external body layer which is not

homologous with the skin of the Eumetazoa, and a non-

uniform inner body layer which cannot be considered as

homologous to a reversed intestinal layer. These are in reality

morphological units which cannot be mutually compared,

w^hich are not mutually homologous. It is true that during

the ontogeny we could get an impression as if a reversion of

the two layers had taken place. Nothing can help here even

if we try to save the old interpretation by printing pictures of

spongulae, as has frequently been done, with the actual posteri-

or end (posterior as seen when the animal swims, and quite

generally during the polarization) turned upwards. This serves

as a good example of how even the most difficult problems

can easily be solved by means of a deliberate misrepresentation

of facts in false pictures. This can lead, naturally enough, to

apparent solutions only.

The name Porifera, which was introduced by R. E. Grant is

also very characteristic of Spongiae. Now^here else in the whole

animal world (with perhaps the only exception of the Echino-

dermata) can pores be found which do not serve as openings

through which the animal excretes its own products or the

water that had been used for breathing, but rather as openings

which serve for the intake of water that brings the necessary
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food to the animal. In spite of this we still prefer the name

Parazoa because the word itself ends in -^oa; such an ending is

much more suitable for the few subregna of the animal world

and it should therefore be used in this sense only.

The 'Eiimeta^oa and Their Subdivisions

The Elimination of the terms Coelenterata : Coelomata. So far

there have been no essential differences between our system

of the animal world and the traditional and generally used

systems. Yet the whole basis of the subsequent system neces-

sarily becomes changed when we take into consideration the

consequences of our interpretation that the real polycellular

forms (the Eumetazoa, or the Metazoa s. str.) had evolved from

the polynuclear (i.e. polykaryonic) or plasmodial Protociliata.

From now on the organization does not develop anew from

some independent units, from the protistic individuals which

had been previously free, as had been the case with the

"Metaphyta" and with the Spongiae. This kind of evolution

leads, with a few "initial" exceptions (Volvocales), exclusively

to the formation of sessile organisms. The evolution which had

led to higher forms followed another principle: and in these the

cells gathered to form a new individuality of a higher type, a

new whole with a complex structure.

From the very beginning the genuine animal freely-living

polycellular forms had taken over the higher organization

which had been reached already on the level of the Protozoa

(Ciliata). Thus, it was the eumetazoan organism which formed

these cells and not conversely that the previously individual

cells formed a polycellular organism, as was the case wdth the

Metaphyta and with the Spongiae. This is the only way the

development of an internal digestive organ can be rationally

explained: thus neither by way of an invagination of a hollow

sphere, nor by a wandering in of individual earlier skin cells

into the interior of the same sphere. The names Enterozoa,

according to Lankester, or Gastrobionta (animals with an
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intestine), according to Ulrich, which have also been suggested

for the Eumeta2oa are therefore very suitable.

We must not be led astray by the types of formation of the

"body layers" which can be observed during the ontogenies

;

these types are mutually different and they change more and

more during their subsequent development. These ontogenetic

types of formation can even become identical in the two lines

of evolution which are basically different (in the phylogenetic

sense !) ; on the one hand in the evolution of the Metaphyta

and of the Spongiae which alone are without an intestine, and

on the other hand in the evolution of the Eumetazoa. We must

Uberate ourselves from the belief that the ontogenetic morpho-
genesis via blastula-gastrula were identical with the phyletic

morphogenesis via blastaea-gastraea, as if the ontogenetic type

of development were identical with a recapitulation of the

phyletic (i.e. of the fully developed forms) development.

A digestive plasmodium existed even before there was any

ontogeny of the Eumetazoa ; it had been a substratum of the

subsequent intestine in the interior of the proeumetazoon

where the cyclosis of the digestive vacuoles had been stopped.

There w^as no need of a gastrulation by w^ay of a transference

of the blastula epitheUum into the interior of the animal. It was

only due to the introduction of the ontogenetic morpho-
genesis (which finally became necessary) combined with an

initial cleavage that the gastrulation processes finally began to

take place. We can therefore still continue to use the notions

gastrula and gastrulation even in this new situation, yet

without any parallel idea of a blastaea or a gastraea. No Blastae-

adae or Gastraeadae had in reality ever existed and no such

forms can be found among the recent animals either, at least

as regards the Eumetazoa.

Quite frequently we can see in some Cnidaria and Endopro-
cta how an intestine (the entoderm) develops from the "skin"

(the ectoderm) during the ontogenies or during the so-called

atypical budding. Experimental embryology, however, has

shown that these processes are an instance only of an

25
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ontomechanism as this has been suitably named by O.

Steinbock, or of the "morphogenetic technique" as I called

the same process even earlier.

Viewed from our standpoint it appears as self-evident that

the principle of a simultaneous emergence of the third, the

middle body layer, or of the so-called mesohyl, with the second

body layer has the same validity. All the Eumetazoa are

without any exception three-layered animals if there is any

sense at all of speaking about three layers in the adult animals,

because there are frequently more than three layers present

even as early as in the ontogenies. The Eumetazoa inherited

all these three layers (zones, parts) from their prociliate ances-

tors, and these three layers had therefore not been newly

developed by the Metazoa. The pair Diploblastica : Triplo-

blastica is therefore completely superfluous. All the three body

layers evolved continuously and parallelly without an internal

struggle of the originally independent elements against the

secondary centralization combined with the subordination, as

had necessarily been the case with the evolution of the colonies

of the Protozoa.

In connection with a general classification of the animal

world and with taxonomy it is important that we call attention

here to the subsequent evolution of these three layers. This is

necessary because one can frequently hear the objection that

too great an importance is usually attributed to the conditions

of the middle body layer, i.e. of the mesohyl and of the coelom.

As a matter of fact, however, we find that during the ontoge-

netic and phylogenetic developments the morphogeny is much
more intensive in the middle layer than in the two remaining

body layers. In order to be as brief as possible I wdsh only to

mention that it is above all the duty of the external layer to

"serve" as a means of protection (it is used as an organ of

movement bv means of cilia in the more primitive and small

forms only; this property had been inherited from the in-

fusorian ancestors); it also produces gland cells and the cuti-

cular formations. And what is produced by the middle layer?
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Both the skin and the intestine receive a mesohyl layer with

muscles, nerves, etc. Later we will return to discuss again in

detail the products of the middle body layer and their destinies.

We are therefore fully justified in paying special attention to the

conditions of the middle body layer in our attempts to con-

struct a natural system of the animal world.

In opposition to the numerous attempts that have been

made so far to construct a classification of the animal world

on the basis of the colonial theory and in agreement with the

hypothesis of an evolution along the line blastaea-gastraea

where a bifurcation in the sense Coelenterata : Coelomata

becomes necessary at the very beginning of the Eumetazoa,

we find the classification of animals considerably simplified

if we construct it on the basis of the plasmodium theory of the

origin of the Eumetazoa in the sense of a development along

the line Prociliata-Acoelia (Turbellaria). The adherents of the

colonial theory have been unable to identify any well-founded

and therefore probable phyletic relationship between the

Coelomata and the Coelenterata. On the other hand it is

possible to make a rational and probable interpretation of the

phyletic, systematic, and thus also of the taxonomic conditions

as they existed at the very beginning of the Eumetazoa and of

their subsequent evolution if we view them from the aspect

of the plasmodial theory and in combination with the new
interpretation of the phylogeny of the Cnidaria. We can

express the uniformity of the Eumetazoa both in their system

and in their taxonomy if we abandon the opposing pair

Coelenterata : Coelomata (which is actually identical with the

pairs Diploblastica : Triploblastica, and Radiata: Bilateria) and

if we place the Turbellaria at the beginning of the Eumetazoa.

The symmetrical condition which as a property of the animal

body has played so far an important role (which was unfortu-

nately only a negative one) will lose from now on its im-

portance. We have shown that in the Eumetazoa there has

never been any primary radial symmetry; that this symmetry

emerged more or less developed only in those animals which

25*
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had adopted, for a long time, the sessile way of life. We have

also shown that there is no justification in a distinction between

the primarily two and three-layered Eumetazoa. We must

therefore cease to use this supposed difference in the taxonomy.

There have been still other systematic attempts where a

bifurcation was suggested at the very root of the Eumetazoa.

Thus, for example, the Metazoa (s. 1.) were divided initially by

Hatschek into the Protaxonia and the Heteraxonia. This is

thus a classification on the basis of a supposed difference in

the axial conditions. Hatschek himself later abandoned

this classification because it was soon found that the axial

conditions are in reality very unreliable, that they have a role

similar to that of the symmetrical conditions in the phylogeny

and they are strongly changeable especially during the onto-

genies.

A completely unacceptable classification was made by Colosi

(1956: 505). He divided the Eumetazoa into the Perineura and

the Epineura. It is only the Coelenterata that are included

among the Perineura while even Ctenophora do not appear in

this group. Colosi suggests that the Coelenterata consist

exclusively of the Cnidaria. He naturally believed in the

primary nature of the nerve-net system without a dorsal

brain ganglion. On the other hand, he inclines strongly

to a key-like dichotomy in the general classification of the

Eumetazoa which he pursues for not less than eight stages up

to the category of types (i.e. phyla).

Furthermore, I should like to mention those classifications

which use the notion Coelomata while at the same time

omitting the opposite notion of Coelenterata. Thus, for ex-

ample, the groups Porifera, Ctenophora, Cnidaria and Planulo-

idea remain separate in the schematic survey which was made
by J. Meixner and published in the Handbuch derBiologie (edited

by L. von Bertalanffy and F. Gessner), Pt. Ill (The Genealogical

Tree of the Animal World). In the text, however, we hnd ne-

vertheless the word and the category of coelenterata used by

A. Remane (ibid: 85) and by other collaborators (e.g. by



THE NEW GENEALOGICAL TREE 377

Fig. 50. Genealogical tree (After L. Cuenot.)
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W. Marinelli, ibid: 311). It is possible that in the schematic sur-

vey the word Coelenterata was omitted due to a mistake only.

L. Cuenot (Traite de Zoologie, I., ed. P. Grasse, Phylogenese du

regne animal^ Arhre genealogique^ p. 2, cf. Fig. 50), too, would

like to dispense with the taxon Coelenterata while at the same

time he preserves the taxon Coelomata. Cuenot represents this

graphically in such a way that he places two independent short

branches on a very short common stem ; the left branch which

is longer represents the Cnidaria while the smaller branch

which appears on the right side of the stem embodies the

Ctenophora. In this way the scheme as proposed by Cuenot

shows some similarities with my genealogical tree. Cuenot

speaks of the Neuromyaria instead of the Eumetazoa. In the

text, however (p. 25), he mentions the coelenterate stage ("Le

Neuromyaire Coelentere") which shows that he still preserves

the notion of the Coelenterata even if it is used purely formalis-

tically only and not taxonomically.

The palaeozoologist A. W. Miiller (1958) has accepted to

a considerable degree the general division of the animal world

as it was proposed by Cuenot (1948), while at the same time

he also takes into consideration the coelenterate theory as it

has been proposed in my publications ("Unter Zugrundelegung

der Coelenteraten-Theorie von J. Hadzi" 1944, see Fig. 51). The

taxons or notions Coelenterata and Coelomata do not appear

in his graphic representation of the genealogical tree. The

acoelous Turbellaria appear in the middle of the stem

(Fig. 51); the Cnidaria and the Ctenophora are derived from

the Turbellaria. A. H. Miiller does not follow my suggestions

in his subsequent interpretation of the evolution; he prefers

to preserve the dichotomy of the Coelomata into the Pro-

tostomia and the Deuterostomia. Yet at the same time he

is undecided where and how these Deuterostomia should be

annexed. We can therefore see in his graphic representation the

*'left" branch hanging in the air. I think it is very important

that A. H. Miiller (1958:3) as a palaeozoologist finds that

Hadzi's theory (1944, 1949) does not stand in any opposition
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to palaeontology, that "sich keinerlei Widerspriiche zur Pala-

ontologie ergeben und mit deren Hilfe sich auch andere

Erscheinungen zwanglos erklaren lassen."

Attempts can frequently be found where the Coelenterata

(these are usually understood as a group which includes the

Fig. 51. The lower part of the genealogiel tree (after A. H. Muller),

changed to agree with my turbellaria theory of cnidarians.

Cnidaria and the Ctenophora) do not appear on the geneologi-

cal tree as a counterpart to the Coelomata but rather as an

intermediate stage between the colonial Flagellata and the

Coelomata (the Bilateria or even Vermes). This is, for example

the case with the outline made by Schmalhausen (1947:411);

in his graphic (Fig. 52) representation, however, we find
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the groups of Coelenterata indicated as a side branch so that

finally we still get the impression of a bifurcation where the

actual stem is represented by one of the two branches. The
point in question is here a common, very primitive and perhaps

planuloid ancestral form. Schmalhausen also goes his own

VERTEBRA!
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Fig. 52. Genealogical tree of animal kingdom. (After Schmal-

hausen.)

way in his interpretation of the phyletic conditions of the

Bilateria; later we will return to this problem.

A very interesting suggestion was made by G. S. Carter

(1940:482; cf. Fig. 53). In his construction of the genealogical

tree Carter takes into account to a considerable degree the

conditions that can be observed in larvae. We have already

declared such a method erroneous. The classification of the

animal world as it was proposed by Carter shows consider-

able simplifications which certainly is a welcome sign even
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if Carter goes in my opinion a little too far. Carter

divides the Aletazoa (these are actually the Eumetazoa, they

do not include the' Spongiae as the Parazoa) at their very

root ("the ancestral metazoan") into two lines; these two
stems were given the rank of superphyla, they are very

ANNELID
superPhylum

ECHINODERM
SUPERPHYLUM

7COELENTERATA

ANCESTRAL
METAZOAN

Fig. 53. "Evolutionary relationship of the invertebrate phyla"
by G.S. Carter.

unequal, and they corespond roughly to the dichotomy Proto-

stomia : Deuterostomia (the "Annelid superphylum" and the

"Echinoderm superphylum"). As regards the Coelenterata

Carter remains undecided; nevertheless he shows an inclination

to derive them as an independent stem or as a third branch

from the same "ancestral metazoan." A definite progress can

be seen in his idea of a hypothetical ancestral form which had

lived as a benthonic animal and was as such bilaterally sym-

metric, which had three body layers and did not consist of

metameres (the amerous state), which showed a slight
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cephalization, and which possessed a ventral opening and even

an anal opening and in all probability also protonephridia. We
think that in this way too many requisites have been given

to this hypothetical initial form. This can be seen above all

when we try to derive the aproctous Platyhelminthes from it,

while on the other hand it is not difficult to derive the

Coelenterata from it because we can rightly maintain that some

of these requisites had been lost due to the transition of these

animals to a sessile way of life. As regards the Platyhelminthes,

Carter must make some revisions ; he must derive them from

an even older primarily aproctous primitive form in which

case he will be obliged to consider the Platyhelminthes as an

independent branch— thus as the fourth branch— or he should

go back to an already disqualified interpretation and consider

the aproctous state as a secondary phenomenon, as a con-

sequence of a degeneration.

We can easily understand that Carter does not assume a

strictly negative attitude towards my interpretation. Carter

discussed my suggestions twice. The first time in a very

objective report which appeared in the review Science

Progress; in this report he gives very adroitly all the essential

points of my construction. Carter stresses judiciously that

"it is not likely that zoologists will soon reach general agree-

ment on them" (sc. my interpretations in the field of the

"high phylogeny"). He mentions correctly the great interest

which exists about these problems, and states as follows, "It

is refreshing to read a discussion of these questions in which

the results of recent zoology are taken into account. For this

we have to thank Prof. Hadzi."

In another detailed study (Carter, 1954) Carter took

a critical attitude towards my suggestions as they appeared

in the article which was published in Systematic Zoology. In this

study Carter accepted, at least partly, my interpretations and

expressed his opinion that it could be expected that my inter-

pretations would not be accepted by many zoologists. Un-

fortunately enough Carter could not come to any conclusion
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concerning the derivation of the Cnidaria and of the position

of the Cnidaria in the animal system; in his humiUty he con-

siders himself not sufficiently competent to make any conclu-

sions in this respect. Neither does Carter come to any con-

clusion regarding the origin of the Eumetazoa even if he

admits that there are many points which seem to support the

plasmodial theory, and that the old interpretation was based

on the blastaea theory as it was proposed by Haeckel. I expect

that in future Carter will come to some conclusions

over these points, and that he will accept the idea that the

Cnidaria evolved from some ancestors which they had in

common with the Turbellaria, that he will accept the plas-

modial theory, and finally that he will find that these inter-

pretations agree best with the natural facts that have become

known till now. It is a fortunate sign that such a large number

of British zoologists have rejected the wrong interpretation

of the relation embryos: ancestors. The only thing which

remains to be accepted by them is the idea that the plank-

tonic larvae must be interpreted as ontogenetic stages that

had emerged secondarily as new forms which must not be

compared with the adult ancestral forms but only mutually

with each other. This is a necessary consequence of the right

interpretation of recapitulations as they must be understood

if they are not looked upon from the easily misleading stand-

point of the "fundamental biogenetic law."

Among the more recent attempts to construct the animal

system, mention should be made of the genealogical tree as it

was proposed by Franz and Heberer (1943:291). From the

standpoint of bifurcations this system is certainly the most

extreme. The starting point is represented by the completely

hypothetical and improbable gastraea. The pair Coe-

lenterata: Coelomata is abandoned. The next lower stage, the

Parazoa : the Eumetazoa are also abandoned. All the Aletazoa

are divided into two groups, the Protostomia and the Deu-

terostomia. The consequences of such a classification can

rightly be considered as "horrible." Among the Coelenterata,
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which do not appear here under this name, the Platyhelmin-

thes and the Bryozoa evolve almost together from one and

the same point (we cannot speak here of a root or of a stem)

which is also the starting point for the evolution of the

Chaetognatha. The Annelida are placed above the Brachiopoda,

Mollusca, Crustacea, and Arachnoidea, etc. It is really comple-

tely unnecessary to discuss here this system. The point of the

bifurcation of the Eumetazoa can be found placed equally

deeply in the system which was proposed by Steiner (1956).

This survey does not include all the attempts which have

been made so far to find the correct position of the Cnidaria

in the animal classification. Yet even this should suffice to

show how many different opinions have been proposed so far

and how little all these attempts are able to survive earnest

examination. I suggest on the basis of the plasmodial theory

of the origin of the Eumetazoa that the Cnidaria should not

be separated from the remaining lower Eumetazoa. The

dichotomy Coelenterata : Coelomata has in this way become

superfluous. The same is also true for the two similar di-

chotomies, Diploblastica : Triplobastica (because there are no

primary Diploblastica), and Radiata (Radialia) : Bilateria. All

the Eumetazoa have a primarily bilaterally symmetric struc-

ture, the radial symmetry being a secondary element caused

by the transition to, and a longer preservation of, the sessile

state. In this w^ay we also achieve a simplification of the

general system and of the genealogical tree.

The Coelomata as a Taxonomic Unit

On the basis of our study of the Cnidaria and of Cteno-

phora wx have come to conclusion that the large taxon of

Coelenterata has really no justification. The question neces-

sarily arises in this connection what should be the destiny

of its "counterpart," of the Coelomata, as that of a special

taxon. The name itself indicates that those animal groups are

included in this taxon which show a coelom in their internal
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Structures. A new problem which emerges here is what should

be understood as a coelom? This problem has already been

sufficiently discussed in the present study. The name itself

has been given to widely different body cavities which all

appear in the middle body layer while at the same time they

are of different origins. All these differences, however, can

be reduced in the last line to two categories which are divided

into several subcategories. We must distinguish between the

coeloms in a wider sense of the word which are all the body

cavities that are surrounded by the "mesodermal" cells that

form their epithelia, and the coeloms in a narrower sense

of the word, i.e. the body cavities which are developed around

the intestine and which possess their own epithelium. The
coelom is subject (which is very important!) to segmentation

during a certain phase of the phylogenetic development.

Whenever we speak of a coelom we usually think of this

coelom s.str. for which I have suggested the word peri-

gastrocoele to be used. This perigastrocoele played the most

important role in the phylogeny of the Eumetazoa and it is

therefore quite right if we take into consideration the develop-

ment of this perigastrocoel when we propose larger taxons.

Just in the point of this coelom s. I. we can observe cleanly

the great difference which exists between the two opposing

theories about the origin of the Eumetazoa. Those who accept

the colonial theory consider that all the body cavities of the

Metazoa, the intestinal cavity included (in the last line this

could also be considered as a coelom J*./.), are new formations

which had evolved completely independently from each other

and not all at the same time. The perigastrocoele, and this

is mainly the coelom to be discussed, is usually derived

from some sack-like outgrowths of the intestine, and the

coelom cavity from the intestinal cavity. Such a type of

development which can be observed directly and quite

frequently during ontogenies would presuppose that a

fundamental change takes place in the function of the sack-

like outgrowths of the intestine.
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yVn entirely different situation emerges if we view this

problem from the standpoint of the polykaryonic theory, i.e.

from the point of view which derives the Eumetazoa (the

primitive Turbellaria) from the primitive Ciliata. All the

"later" body cavities, the intestinal cavity included, had

been developed, more or less clearly, in their initial stages

as early as in the Ciliata, and that in the form of some

permanent or transitory vacuoles, slits, or similar spaces

that had appeared in their cytoplasm and that were filled with

the cell fluid. They have not appeared anew in the Eumetazoa,

they had only evolved, and differentiated in various ways. If we
understand as a coelom s.l. all the body cavities, we can consider

that all the Eumetazoa are actually Coelomata, at least primari-

ly, because many coeloms or even all of them can get lost

as a result of a secondary development. This is true both

if we accept the one or the other theory about the origin

of the Eumetazoa, because the coelenteron of the Coelenterata

could be considered as the first stage only of the enterocoelic

state of the "genuine" Coelomata.

We can therefore see that those who adhere to the entero-

coelic version must necessarily meet with great difficulties as

soon as they try to propose a major division of the Eumetazoa.

They must propose such large taxons as the Acoela and the

Pseudocoela, because there are no Eumetazoa earlier than the

Annelida which had developed a coelom s. str.^ (a perigastro-

coele). At the same time they are uncertain w^hether the mor-

phological conditions that correspond to these categories, such

as the absence of an actual coelom, be a primary or a second-

ary phenomenon. This has been the reason why there are so

many zoologists who would like to explain all the Eumetazoa

of the Bilateria group, which show a simpler structure, as

a product of a retrogressive evolution, an interpretation which

has not been supported by any convincing arguments.

When we see that there are such widely different body cavi-

ties and systems of cavities— which are different not only in

their forms but also in the ways that they are developed
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during the ontogenetic processes—even in groups which

are otherwise obviously closely related, it becomes evident

that it is better not to use the conditions of the coeloms

as a basis for classification. Zoologists should therefore avoid

such classifications as the Coelomata (because of the unten-

ability of their counterpart, the "Coelenterata"), the Acoelom-

ata, the Pseudocoelomata, etc. As an example, we mention

here the lower "Coelomata" or the "Bilateria." The coelom

cavities can be found as early as in the Turbellaria which we
consider as the earliest Eumetazoa. These cavities occur in

three forms if we do not take into consideration the digestive

cavity. First of all we can frequently find a whole system of

canals, often with a vesicle at its extreme end; this is the so-

called protonephridium which functions as an emunctory-

excretory organ. We derive this nephrocoele from the pulsat-

ing vacuoles of Protozoa.

There have been some zoologists who would like to con-

sider this nephrocoele as an initial state for the evolution of

the "genuine coelom" (the perigastrocoele; the nephrocoele

theory which was proposed by Faussek). This is completely

wrong because we can find this nephrocoele preserved as such

up to the very end of evolution; it is quite natural that during

the evolution it had been variously changed, especially after the

appearance of the perigastrocoele. This nephrocoele was

occasionally lost in the permanently sessile types whose size

had been secondarily strongly diminished as has already been

mentioned. In some other cases we find this nephrocoele

changed beyond recognition (e.g. in numerous Arthropoda

with the so-called mixocoele). Cases are also known where

a combination of the nephrocoele with the perigastrocoele

(which had developed much later), or with other coelom

cavities (e.g. the gonocoele) have been observed.

The second coelom which appeared quite early during the

phylogeny of the Eumetazoa is the gonocoele. It evolved

completely independently and without any phyletic connec-

tion with the protozoan ancestors of the Eumetazoa. Earlier
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it was frequently called a "sack gonad" (Hatschek). There is

no gonocoele yet in the most primitive Turbellaria which inight

be also true for the phylogenetically oldest Eumetazoa ; these

forms do not yet possess a regularly formed gonad but only

an irregular aggregation of gametocytes which do not have

any gonoducts. The gonocoele can be found highly developed

in those animal groups which do not possess a perigastro-

coele (our Ameria) as is the case, with the higher

Mollusca. This gonocoele can again disappear secondarily,

just as is the case w^th the nephrocoele; this takes place above

all in those animal types which possess a perigastrocoele, yet

it can also be observed in the Ameria. Not infrequently we
can find gonocytes which do not form a hollow or a soUd

gonad and which become simply attached either to the skin

(this can be observed in some Cnidaria), or to the intestinal

epithelium (also in some Cnidaria), or even to other coelom

cavities, above all to the perigastrocoele. At first sight this

fact seems to support the gonocoele theory which maintains

that the genuine coelom (the perigastrocoele) evolved from

the gonocoele. Such a theory cannot be accepted from our

standpoint.

The beginnings of the third coelom, of the haemocoel in

the form of a haemocoelom system can also be found as early

as in the Turbellaria. In these it appears occasionally as a

system of blood vessels and lymphatic ducts; it can be found

well developed first in the Nemertinea and in the Mollusca.

It had been inherited by the Annelida as the lowermost Poly-

meria from some ancestors which stood closely to the Nemer-

tinea. A pulsating centre of the haemocoele, a muscular heart,

does not appear earlier than in the Mollusca.

There are some other special coeloms. Let us mention two

such coeloms only ; the rhynchocoele of the Nemertinea, and

the cardiocoele (the pericardial cavity) of the Mollusca; these

forms thus occur in the Ameria. All these coeloms and

systems of coeloms evolved in the middle body layer, usually

by way of a continuously progressive evolution from some
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slits and cavities filled with the "cell fluid." This is the case,

for example, with the gonocoele of the Turbellaria with its

different canals, side cavities, and not infrequently with a

secondary polymerization (of gonads, of the terminal organs

of nephridia). This is how a rich morphological differentiation

became possible. It seems to me, however, that they do not

represent a sound basis to be used in classification. These

various coeloms and the morphological peculiarities which

are connected with them enter into such a variety of combina-

tions that it is impossible to develop on this basis any

principle which could be used in the classification. For-

tunately enough there have been only few attempts w^hich

have tried to construct a system on the basis of the conditions

that can be observed in these coeloms. Among these we must

mention above all the high taxons the Acoela and the Pseudo-

coela, or the Acoelomata and the Pseudocoelomata. To these

we must add the Eucoelomata as the third subseries (accord-

ing to Schimkewitsch, 1891). This classification was accepted

by Hyman (1940) and by the AAA'S) (Zoological Names^ edited

by A. S. Pearse, 1949), obviously under the influence of

Hyman. The category Acoelomata has only sense if we
consider only the perigastric coelom as a genuine coelom;

yet if we accept the broader definition and if we consider

the coelom to be any body cavity which can be found in the

middle body layer of the Eumetazoa and which is surrounded

by its own cells, we see that the category Acoela becomes

completely senseless because in this case there are no genuine

and primary Acoela among the Eumetazoa. The notion of the

Pseudocoelomata is even less justified and useful. There do

not exist any Pseudocoelomata at all. A body cavity can

either be a primary cavity, i.e. without a coelothelium; or

it can be a genuine coelom if it has a coelothelium. The
category Pseudocoelomata consists, according to Hyman,
of the Aschelminthes and of the Endoprocta only.

These Endoprocta are actually Aschelminthes that had adopted

the sessile way of life but they do not differ essentially

26
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as regards coelom conditions from the Acoelomata. It is

even more erroneous to consider "the phylum Tardigrada"

as a member of the Pseudocoelomata. In connection with

this we could speak at the most of a myxocoele because

in their ontogenies we can observe pairs of coeloms that are

distributed metamerically like the enterocoeloms. The Tard-

igrada must therefore not be placed anywhere near the

Aschelminthes. They certainly stand closer to the primitive

Arthropoda..

The suggestion which was made by Colosi (1956:505)

should be mentioned here as an example of an extremely one-

sided systematization based on the conditions that can be

observed in the coelom cavities. Among the taxons which

are given various ranks we can find, in Colosi's suggestion,

the Deuterocoelomata (including Mollusca, MoUuscoida,

Annelida, and Onychophora); instead of their counterpart the

Protocoelomata or the Acoelomata we find the group ("stip-

ite") Protonephridia which includes all the Ameria. A part

of these (these are actually the Aschelminthes) can be found

under the name Pseudocoelomata. All this refers to the Proto-

stomia. The Deuterostomia are divided into the Archicoelo-

mata (they include the Chaetognatha only!), and the Meta-

coelomata (the Hydrocoelomata and the Chordata). The

Syncoelomata consist of the Tardigrada and the Arthropoda.

The name Parenchymatosa appears twice ; once it includes

the Nemertinea and the Endoprocta, and another time the

Gordiacea. I can hardly believe that any zoologist will

ever accept such a classification, it is a purely personal

affair.

There is according to my interpretation a basic diflFerence

betw^een the various coeloms s.l. and the actual coelom s. str,,

the perigastrocoele. The coeloms s.l. can be found in wddely

different groups of the Eumetazoa and it seems that they had

evolved polyphyletically. They cannot be used as a sound basis

of a high taxonomy, except in a negative sense, i.e. that all

the Eumetazoa which do not possess primarily a perigastro-
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code can be grouped together because they show a closer

relationship also in other respects. They could therefore be

called the Acoelomata
;
} et this name can be misleading because

in all the subgroups of the Acoelomata we can find some kind

of a coelom cavity. It will be therefore better to make the

classification on the basis of the coelom conditions while at

the same time another very important property is also taken

into consideration (this in combination with many others!);

this is the fact whether the metamerized perigastrocoelic sacks

are primarily absent or present. In this way we can get the

two groups, the Ameria and the Polymeria. We can see that

the special coelom which surrounds the intestinal canal

emerges, as it seems suddenly (this at least is the impression

we can get now!), and from the very beginning in a metamer-

ized or polymere form. In this way we meet here with an

important gap which must be taken into consideration by the

systematists and by the taxonomists. Later we will discuss this

problem more in detail. Let us now first turn to the notion

and to the taxon Ameria.

The First Phylum of the 'Eumeta^^oa : the Ameria

The Turbellaria are according to our interpretation the

earliest Eumetazoa and as such they represent a starting point

of an evolution that radiated into several directions. There

are not less than fifteen distinct subtypes—we believe that it

is sufficient if we give them the taxon of classes—which evolv-

ed from these Turbellaria, and these classes again evolved

into numerous subgroups (ordines). We can notice some dif-

ferences in the levels reached in the organization of all these

classes of the Ameria which are due to the various ways of

life the species belonging to these groups had to adopt. Here

wx can find forms which Hve in various environments as

freely living animals, as parasites, animals which burrow in

the sea bottom, semi-sessile and fully sessile (evolved even

several times!) species. The extent of this difference can be

26*
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best seen if we juxtapose, for example, on the one hand an

acoelan or a hydropolyp, the males of various Rotatoria, the

Cestoda, and the solitary Endoprocta, and on the other hand

the Cephalopoda, the various higher Turbellaria, the Nemato-

morpha, etc.

It must be admitted, however, that certain very conspicuous

•common traits of the general organization and of the level

of this organization can be found in all these animal groups

which are otherwise so widely' different. This proves that they

do not only have in all probability a common origin, but also

that they are mutually more closely related. The groups which

are thus brought together under the phylum of Ameria show

the following common traits if compared with the next higher

phylum: (1) Not a single class of all these fifteen classes has

a perigastrocoele, thus a coelom s.str. (2) We cannot find

anywhere in this phylum a genuine segmentation and a

formation of body regions which would appear in combina-

tion with this segmentation. (3) None of these classes has

ever developed any extremities, and they have therefore not

developed any articulated extremities. (4) Their protonephridia

had developed into metanephridia only by Molluscs as a conse-

quence of the union wath the increased gonocoel. The first three

characteristics represent negative values only, yet they can

also be expressed in a positive way, i.e. (1) these classes

possess only the coeloms s.L\ (2) their body is always homo-
geneous (the amerous state); and (3) they can move in various

ways (by means of cilia or of body muscles), yet never by

means of genuine extremities.

As could be expected there appear occasional charac-

teristics, at least as Anlagen^ scattered among the classes of

Ameria which had played a very important role in the evolu-

tion of the Polymeria, the next higher animal type. As an

example, we can mention the polymerization of individual

organs (gonads, nephridia, etc.) or of whole parts of the body

(Cestoda), an increased growth into length combined with

a curving movement, etc.
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The notion of Ameria which represents an unsegmented

state of body and its use for the taxonomic purposes is not

something entirely new. It is only the contents of this notion

which are new. Houssay (quotation after Krumbach, 1937:13)

came close to this notion by creating the notions and the names

Paurometamera and Polymetamera which, however, are limited

to the Enterocoelia only. Schneider (1902) seems to have

been the first zoologist to have used the word Ameria, yet

he used it for an entirely different notion, i.e. for the Echi-

nodermata only which he included in the phylum Coelen-

teria. Much closer to our notion of Ameria stands the notion

which was introduced by Biitschli (1910) under the name

Amera and which has as a taxon other contents. Biitschli

who was followed in this point by the editors of the Handhuch

der Zoologie (Kiikenthal-Krumbach) does not include among

the Ameria either the Coelenterata or the Mollusca; he and

the editors of the Handhuch still adhered firmly to the notion

Vermes, which is used for practical reasons only, yet in no

way as a taxonomic unit.

As regards the Coelenterata it has been shown that there

is no such animal group, and that both the Cnidaria and the

Ctenophora belong to the phylum Ameria because they had

both evolved from the Turbellaria.

It is in agreement with our definition of the Ameria if

we include among them the Mollusca in spite of the discovery

of Neopilina by Lemche (1958) and in spite of his interpre-

tations. In another w^ork I have discussed in extenso the case

of Neopilina (cf. Hadzi, in press). For a long time scholars

have endeavoured (and there are some zoologists who try

to do this even now), to bring the Mollusca into a closer

connection with the Annelida, and thus with the Polymeria;

this was done in such a way that they have declared the

Mollusca to be secondarily simplified animals (this was sug-

gested especially by the older zoologists), or they have

considered them as animals which have just reached the initial

stage of the polymerous state. Those who believe in a closer
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relationship between the Mollusca and the Annelida have

referred above all to the similarity that can be observed in

their planktonic larvae of the trochophore type and to the

spiral cleavage. We have already shown that neither an external

similarity w^hich can be found in larval forms nor a spiral

cleavage can be used as firm proofs of a closer relationship

between two animal groups. The situation is perfectly clear

as regards the coelom conditions and the segmentation ; a

polymerization frequently takes place in the primitive Mollusca

and in Neopilina (which is not a primitive mollusc but rather

a primitive gastropod); this polymerization disappears in the

higher subtypes and it is only partly preserved in the Cephal-

opoda (Tetrabranchiata). This, however, should not be inter-

preted as a remnant of a genuine segmentation but rather as

a minimal polymerization. Zoologists have endeavoured to

find by all means at least in the ontogenies a recapitulation

of a formation of genuine metameres (of the perigastrocoele);

they have even maintained that they have found something

of this kind. Yet they actually saw something that does not

really exist because that was w^hat they wished to see. We can

best see how^ much we are justified in classifying the Mollusca

among the Ameria if we compare the lower and the lowest

Mollusca—which differ only slightly from the probable initial

form w^hich stood close to the Turbellaria—with the other

Ameria, and if we do not include first into such a comparison

the highest Mollusca, the Cephalopoda.

H. Lemche went too far in his display of his scientific

imagination (which can be quite useful if it is used within

proper limits) when he tried to exploit the discovery of

Neopilina. My opinion is shared by numerous other zoologists

(cf. the discussion by C. Bottger and by others at the XVIth
International Congress of Zoologists). There is no factual justifica-

tion for a derivation of the primitive Arthropoda from the

Mollusca, and above all of the articulated extremities from

the ctenidia. In the primitive Mollusca we can find a

somewhat stronger trend to the polymerization, just as is the
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case with Nemertinea, among the Ameria. This trend

towards polymerization and to an organization in the

direction of a polymerous type grew weaker and weaker

during the subsequent evolution of the Mollusca; an evolu-

tion which was generally progressive even if it went in a

special direction. The Mollusca must therefore be interpreted

as a side branch on the stem of the Ameria. The Cephalopoda

not only represent a climax in the evolution of the Mollusca,

but also of the evolution of the Ameria as a whole. It does not

seem that any new, higher animal type has ever evolved from

Mollusca. We will also find very similar conditions in other

main groups of the Eumetazoa.

Turbellaria Cnidaria Gastrotricha

Trem.atoda Ctenophora Kinorhyncha

Cestoda Nemertinea Endoprocta

Rotatoria Priapuloidea

Nematoda Acanthocephala

Nematomorpha Mollusca

We can see if we make a survey of the fifteen classes* which

constitute the phylum Ameria that it is quite impossible to make

subdivisions ot this phylum where the classes that are more clo-

sely related with each other could be brought together into spe-

cial subphyla or superclasses (Fig. 54). This is also true for the

most widely accepted division into the Platyhelminthes and

the Coelhelminthes (Aschelminthes), or into the Scolecida and

the Aposcolecida, as well as for many other similar classifica-

tions which were suggested by various zoologists. Many of

these notions can prove quite useful here and in comparative

morphology— as is the case with the pair Aprocta : Euprocta

—

* In all probability a sixteenth class will have to be added to these,

i.e. that of the Orthonectoidea, as a side branch of the Trematoda (which

were called Mesozoa by Beklemischew (he divided the class Trematoda

into two groups: Monogenea and Digenea; in addition to these he also

created an independent class Udonelloidea).
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yet they cannot be used in taxonomy. They only lead to an

unnecessary complication of the animal system and to diffe-

rentiations which are, we can say, personally biased. The case

of the antithetical pair Platyhelminthes : Aschelminthes where

these two groups are understood as two parallel taxons, or

Polymer/a

Amenta

Nemertinea

Entoprocta

Kinorhyncha

Gastrotricha

Rotatoria

MoUusca

Priapuloidea ^\

Acanthiocephala\

Nematomorpha I

Nematoda

Cestoda

Trematoda
\

Turbedaria \

Ctenophora I

Cnidaria
\

f Hydrozoa \\

Scypt)ozoaji
\ Anthozoa //

Turbeltana

Infusoria
(EucHiata)

Fig. 54. Genealogical tree of the phylum: Ameria.

as two taxons where one stands above the other, shows the

inadequacy of such a division because there is no real limit

between these two groups, because the Nemertinea stand in

the middle between them, and finally because not all the Tur-

bellaria are really flattened animals. We do not even know
which groups should be classified as Aschelminthes. Accord-

ing to Hyman the Aschelminthes consist of the follow-

ing classes: Rotifera, Gastrotricha, Kinorhyncha, Nematoda,

Nematomorpha, and Acanthocephala; yet they do not include
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the Priapuloidea, Nemertina, Endoprocta, and Mollusca (the

first and the last classes are placed among the Coelomata).

It should be mentioned in passing that in our study of

all these various animal systems we frequently get an impres-

sion that the pre-Darwinian custom of using a dichotomic

determinative key in the construction of an artificial system

still continues to work subconsciously even nowadays (cf.

the attempt made by Colosi which has already been discussed

above). The systematists must liberate themselves of this

influence if they wish to construct a truly natural animal

system. At present, it would be sufficient if these classes were

placed into such a linear order, or indicated in the genealogical

tree in such a way, that certain classes which are supposed

to be more closely related appear close to each other. It is

possible that after a certain time we will perhaps get a better

knowledge of their mutual relationships and it will be only

then that we will be able to begin with a more detailed work
on these subdivisions. Important progress has recently been

made just in this direction; as examples we can mention here

the work made by Steinbock (the relationship connections

between the Turbellaria and many other groups of the Ameria),

Golvan (the closer relationship connections between the Pria-

puloidea and the Acanthocephala), and my own studies Cni-

daria-Ctenophora, Turbellaria).

The Transitionfrom the Amerous to the Volymeroiis State

We have seen that the phylum Ameria as the first phylum

of the Eumetazoa does not possess a perigastrocoele. When
we continue with our construction wdthin the framework of

one genealogical tree, we soon meet with the problem of

how to explain the emergence of a perigastrocoele (coelom

s.str.) and what its functional correlative could be. The

problem is whether this perigastrocoele had originally evolved

as a uniform cavity \^'hich had later become segmented, or

alternatively that there had been originally a segmented
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perigastrocoele which had afterwards evolved by way of oligo-

merization into a uniform cavity. Both these types of evolution

are a priori possible and probable.

A comparison of all the methods of coelom formation

shows—we exclude here in principle all the tubular and

cavernous formations which had evolved either by way of

an infolding of the skin, as is the case with the tracheal

system of the land-inhabiting Arthropoda, or by way of a

folding of the skin layer, as is the case with the peribranchial

cavity of the Chordata— that all these "hollow spaces" (tu-

bules or cavities) emerge in those parts of the mesohyl where

w^e can find either streaming of the fluid or rhythmic move-

ments of the contractile organs. The first group includes the

phenomena of the blood vessel system and the system of

lymphatic and w^ater ducts; the second group includes the

rhynchocoele, the cardiocoele and, obviously, the perigastro-

coele. A third group consists of the gonocoeles in the gonads

together with their gonoduct, and the glands wdth central

cavities and their secretory canals.

Thus the coelom cavities develop above all in combination

with the frequently repeated or rhythmical movements of the

internal muscular organs. We think that it was the peristalsis

of the intestinal tube— after a mesenchymal muscularis had

been added to the entodermal tubes—which led to the

formation of a perigastrocoele. At the same time the intestine

became lengthened as a consequence of a lengthening of the

entire body. Another consequence of this lengthening of the

body was also a radical change of the type of movement

which now took place by means of wave-like zigzag contrac-

tions of the skin muscle tube which progressed from

the front of the animal backw^ards. Such an interpretation has

already been suggested by various other zoologists and it is

therefore not an invention of my ow^n.

We must now^ study as closely as possible the factual ma-

terial and try to interpret it correctly in order to be able to

determine w^hich of the tw^o possibilities is most feasible. So
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far we are still unable to present a strict proof which would
definitely support the one or the other thesis. We cannot

completely exclude the possibility that the perigastrocoele did

not evolve once only; yet as much as wc know and think now
about the emergence of new types, this possibility does not

seem to be very likely. The standpoint we take again depends

heavily on the way we interpret the various phenomena that

can be observed during the ontogenies. The interpretation

of ontogenetic morphogeny has had a decisive influence

on the way scholars have tried to solve the problem of the

perigastrocoele and of its segmentation. The transition from

the not-segmented to the segmented state must necessarily

be recapitulated somehow^ in the ontogenies, yet this can be

either a recapitulation of the ontogenetic development that

had taken place during the phyletic past of an ontogeny, or

it is partly a recapitulation of states that had existed in the

adult (functioning) ancestors.

If now we first take a look at the conditions that exist in

the adult recent Ameria we find that here there are no genuine

transitory forms. This could actually be expected. Those forms

that could eventually be interpreted as transitory forms be-

tween the state with a uniform perigastrocoele and that with

a more or less segmented perigastrocoele give an

impression of a secondary retrogression, of an oligomery

combined with a change in the way of Hfe or with a change

in the type of movement (to a burrowing or semi-sessile way
of life). Later we will again return to this same problem.

Among the recent Ameria, the Nemertinea are "the" group

in whose organization we can find the greatest concentration

of those elements that had probably led to the emergence

of the type Polymeria. The Nemertinea show a strong inclina-

tion through their increased length combined with a sinuous

type of movement, to a formation of various kinds of coeloms

(the rhynchocoele, the gonocoele combined with the gono-

choristic state and with a simplification of the auxiliary organs,

the haemocoele, and the nephrocoele), to a development of
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planktonic larvae, and to a polymerization of various organs.

One could even say that if the Nemertinea had not their

characteristic proboscis and only slight indications of a peri-

gastrocoele we could easily consider them as Archiannelida.

These are not Polymeria, they are genuine Ameria which had

probably evolved from some ancestors which stood close

to the Turbellaria and which had served as a starting point

for the evolution of the primitive Annelida and therefore of

all the Polymeria. The perigastrocoele thus evolved, as did

all the coeloms, from some "sHts" that had developed in the

middle layer, in the mesohyl (mesoderm), and which were

filled with the cell fluid or with the body fluid; and not from

some sack-like formations of the intestine. All connection

(such connections are not numerous) of coeloms with the

intestine are secondary phenomena. Those zoologists will there-

fore oppose my interpretation (and such zoologists are quite

numerous) who firmly accept the enterocoele theory, in spite

of the fact that they meet wdth difficulties which cannot be

overcome as soon as they try to derive the conditions that

can be observed in the Polymera (Ecterocoelia) from those

that can be found in the Oligomeria (Enterocoeha).

It must be admitted that it is possible to imagine a state

with a uniform perigastrocoele as the first step in the develop-

ment towards a segmented perigastrocoele. Yet at the same

time w^e see that among the recent groups of the Eumetazoa

there is not a single group, at least as far as I know, which

would represent such a state. Animals which show a state that

is at least rather similar to that with a uniform, general peri-

gastrocoele can be found on the periphery of the Polymeria

only, and above all among the OUgomeria. As regards the

reduction of segmentation we can find as early as in the

Annelida, species which are more or less atypical, and there-

fore aberrant, and which clearly show a kind of a retrogression

of the perigastrocoele system. Such a reduction is even more

advanced in the Sipunculoidea and in the Echiuroidea. It is

therefore completely wrong to place the Endoprocta close
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to the Ectoprocta as has been done by various zoologists

(e.g. by Marcus and by Hyman) as if the "Bryozoa" evolved

from the Kamptozoa parallell to a development of an undivided

coelom cavity. This is clearly a case of a pure parallelism only,

which took place as a consequence of a similar one-sided

way of life at two entirely different levels of the general

organisation. The polymerous Annelida can be considered

as the direct ancestors of the Ectoprocta while at the same

time they are genuine Oligomeria which show the extreme

level reached in the retrogression of the perigastrocoele.

A clear trend towards a reduction of the segmented coelom

system can also be observed in the evolution of the coelom

conditions in the second large subdivision of the Polymeria,

in the Arthropoda. These adopted movement by means of

articulated extremities while at the same time the length of

their body was decreased. As a final result of this reduction

we find one undivided body cavity, the myxocoele, which

is clearly a secondary element and which is also united with

the primary body cavity. Something similar had also taken

place in the Hirudinea, among the Annelida, where again it

appears together with a change in the type of movement.

All the facts that can be found in the field of the compara-

tive morphology of the adult Polymeria therefore support the

interpretation that the perigastrocoele evolved first in the

form of numerous pairs of small sacks, and thus as a segmented

form. It was only due to a retrogression of this system (oligo-

merization) that the number of segments were decreased, or

even that segmentation had completely disappeared. It is

therefore quite improbable that the polymerization of the

perigastrocoele had taken place step by step, thus by way

of an oligomeric state (zoologists have usually thought here

of a trimery).

At the beginning of our present study wx have already

discussed the problem of the relation betw^een the ontogeny

and the phylogeny. It is obvious that we must proceed very

carefully when we consult the ontogenetic morphogenies as
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regards the conditions of the perigastrocoele. The fact must

be taken into account that the destiny of the perigastrocoele

had been closely connected with the destiny of the mesohyl

(mesoderm). We have already repeatedly emphasized that in

all probability the whole mesohyl—which is also a substratum

of the perigastrocoele— of the Eumetazoa had been inherited

by the Eumetazoa from their infusorian ancestors. Viewed

from this standpoint we must reject the suggestion which

tries to derive the mesohyl from the ectoderm (Ecterocoelia)

or from the entoderm (Enterocoelia). Because of the mono-

cellular initial state of each ontogeny (the fertilized egg cell),

and because of the cellularization which takes place during

the ontogenies, it became unavoidable for the ontogenies to

develop gradually into a definitive three-layered state. This

process can be understood quite generally as a recapitulation

of the old adult state inasmuch as there is in these ontogenies

first a monocellular state which is followed by a polycellular

state. The same or even greater diversity that we can observe

in the ontogenetic development of the entoderm (of the

Anlage of the intestinal tube) can also be found in the develop-

ment of the third body layer, the mesohyl. It is in principle

wrong to try to find special recapitulations of the adult states.

We cannot therefore accept a systematic division into the

Ectocoelia and the Entocoelia. We could speak on an ectero-

coelic and an enterocoehc type of development of the peri-

gastrocoele if we had worked exclusively within the field

of the comparative ontogenetics. Yet we must refuse to accept

such a use of the type of development of the perigastrocoele

during the ontogenies for taxonomic purposes because we
know that among the Ecterocoelia we can find species or

even smaller groups (e.g. the Tardigrada) which develop their

perigastrocoele in the enterocoelic way.

Consequently, we must consider a derivation of the peri-

gastrocoele sacks from the "lodges" of the Anthozoa as wrong.

This is obvious already for the very fact that we consider the

Anthozoa as the most primitive Cnidaria which evolved only
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into Other classes of Cnidaria and not into any other form

of the Eumetazoa. We think that the formation of the coelom

(we think here always of the perigastrocoele only) had original-

ly nothing in common with the intestine. The cases, however,

where the coelom sacks develop during ontogeny as a result

of an outgrowth of the intestinal wall (enterocoely)— a pheno-

menon which can be regularly observed among the higher

Eumetazoa and occasionally also among the lower Eume-
tazoa—must be understood as a type of development which

had evolved secondarily, as a rationalization, as a special

"mechanism" which had developed from the phylogenetically

older ecterocoelic type of development. Frequently, it is nei-

ther the ectoderm nor the endoderm which serves as a basis

for the development of the perigastrocoele, but rather the

transition area between the two. In the Polymeria the peri-

gastrocoele develops, with few exceptions that have already

been mentioned, without a participation of the Anlage of the

intestine, yet in widely different ways. Very frequently we can

find the Anlage of the segmented perigastrocoele developed

in the form of a pair of the so-called primitive mesodermal

cells which change into a pair of cell strings that finally develop

into pairs of sacks that grow frontwards. This can be observed

above all in the polychaetous Annelida, among the lowest

Polymeria. Thus we cannot find here an intermediate prelimin-

ary stage with a uniform perigastrocoele. On the other hand

we can frequently find in the derivative Annelida, Anlagen

of coelom sacks which later grow together forming a second-

ary uniform perigastrocoele.

The ontogenetic type of development of coelom sacks had

been necessarily strongly modified because of the planktonic

larvae, the trochophores, which had been evolved by the

benthonic Annelida. This suggests that we cannot make any

conclusions regarding the original type of development by

means of a comparison between the development of the

mesohyl and of the coelom sacks in recent species; in this

point there can be no recapitulation in the narrow sense of
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the word. The temporary development of a few pairs of

coelom sacks that can be observed in the larvae of 7\nnelida

has nothing to do with the tetramerous Cnidaria. We must

therefore resolutely reject the idea of a derivation of polymery

from oligomery (Ivanov; we usually think here of trimery).

Fig. 55. Derivation of bilateral symmetry \^'ith "larval segmen-

tation" from tetraradial symmetry of supposed primiitive cnidarian

by A. Remane (A-C). D, Remane's construction of a primitive seg-

mented metazoon. E, Jagerstens "bilaterogastrea."

as well as of a derivation of polymery from cyclomery (Sedg-

wick, and many other zoologists after him, e. g. Remane and

Jagersten cf. Fig. 55).

In our system the Polymeria must precede the Oligomeria,

and the primitive Oligomeria, the so-called Tentaculata, can-

not be interpreted as a transitional form between the un-

segmented and the polysegmented Eumetazoa. This is a ne-

cessary consequence of the fact that we derive the Polymeria

from an amerous state by way of a polymerization of several
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organs, and by way of an intensive growth in length combined

with a sinuous type of movement, under the presupposition

that the perigastrocoele had consisted from the very begin-

ning of several segments. 1 wish to emphasize that for

ecological and physiological reasons it is improbable that the

polychaetous Annelida evolved from such animals as the semi-

sessile or completely sessile Tentaculata. The facts such as

the existence of transitional forms between the Annelida and

Phoronoidea, suggest that there had been an opposite line

of evolution.

Besides the interpretation which has been proposed in the

present study, and the interpretation which we have rejected,

there is one more theory which tries to explain the origin

of the polymerous state. We can mention it only briefly. There

have been besides older zoologists such as Haeckel, some

modern scholars (e.g. Steinbock) who have believed that

the so-called zooidal hypothesis could be the most acceptable

interpretation. According to this theory a kind of a chain-

Hke complex develops from an oozooid, or a primary person,

by way of an incomplete transverse division which can easily

pass over into a budding. This complex had afterwards been

changed by way of a subsequent complete integration into

a uniform polymerous state. It must be admitted that many

facts can be referred to by the adherents of the zooidal hypo-

thesis. Thus above all the not so rare phenomenon of an

initially incomplete repeated division which can be observed

among the Turbellaria (the chain-like formation of the mi-

crostomous species). This is certainly a case of an only sUghtly

modified asexual reproduction which could never possibly

have led to any permanent polysegmented state. The case of

the Cestoda which is also frequently mentioned in this con-

nection belongs, I think, to the completely different category

of morphogenesis than the development of a polymerous

state.

The evolution of the Cestoda stands entirely under the

influence of their endoparasitic way of life which has a very

27
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Specific character: here the anterior part of the animal evolved

into a scolex by means of which the animal becomes attached

to the intestinal wall of its host while the remaining part

of its body swims freely in the fluid and nutritive contents of

the intestine. It is therefore not surprising to find in these

animals an oppulent growth which is followed by a poly-

merization that can be observed above all in their complex

hermaphroditic genital apparatus, especially since we can also

quite frequently find a polymerization in the ancestors of

the Cestoda, in the Turbellaria. The development of proglot-

tides as a kind of a superstructure, a regulated segmentation

of the body where the individuality is preserved in spite of

a secondary separation of individual segments or of groups

of segments, are all purely results of a further adjustment to

such a specialized way of life. Yet even in this way no poly-

merous animal had ever been able to evolve. The state of

"stfobila" had evolved in an entirely different way and under

completely different circumstances than did the genuine poly-

mery (segmentation). The Cestoda are a blindly ending side

branch of the Ameria which could never have been able

to evolve into a higher form; they can therefore not be used

as a pattern by means of which we could explain the evolution

of a new higher type of segmented animals. They represent

a very interesting special case only of polymerization;

yet it must be mentioned in this connection that not every

polymerization led to a segmented state.

As regards the "indications" that can apparently be observed

in the ontogenies we can clearly see if we view this problem

from our standpoint that they cannot be used as proof in

favour of the zooidal theory. Ontogeny has been consider-

ably changed since the days when the primitive and regulated

segmentation first evolved from the primitive Ameria with

a scattered polymerization. This change is characterized by the

emergence of a larval stage which remains a longer time in

plankton. We cannot therefore expect to find recapitulations

here any longer. Especially great wxre the changes which
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emerged as a consequence of the fact that true meta-

morphosis had been introduced. The institution of teloblasts

and the introduction of zones of proliferation are two such

new elements of the ontogenetic process.

The Problem of Justification of the High Taxons:

Protostomia-Deuterostomia

Before we continue with our attempt to construct a new
animal classification we must first discuss the problem of a

justification of a division of the "Coelomata" into the two

high taxons, the Protostomia and the Deuterostomia. This

dichotomy has been widely accepted since the days of Hatschek

and Grobben as a consequence of a belief that there had been

a bifurcation of the two lines of evolution. There are few

systems only which did not incorporate such a dichotomy.

We therefore get an impression that this dichotomy must be

supported by solid basic facts and interpretations. As is well

known, the name itself has been given due to a phenomenon

which can be observed in the ontogenies of numerous Eume-
tazoa, and even among our Ameria, where a definitive oral

opening, i. e. the mouth of the adult form, appears as a con-

tinuation of the embryonic primitive mouth (gastrostoma).

We must add immediately that among the species or sub-

groups which are classified as Protostomia there is either no

mouth whatever, or a so-called primitive mouth only. During

the subsequent evolution the primitive mouth grows together

while at the same time a real "definitive" mouth is newly

formed, instead of the "primitive mouth" in the same place

more or less where the primitive mouth would be expected

if it had been preserved. In numerous other Eumetazoa we
can find a development which at first sight seems to be rather

surprising and where an embryonic primitive mouth does not

develop into a definitive mouth but rather into an anal open-

ing, while at the same time the actual mouth is newly developed

27*
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in a place where we would actually expect an anal orifice.

Something similar has also been observed in one species of

the Ameria, in Gordins (Svabenik, 1925).

These differences are certainly conspicuous and need an

interpretation. First it should be stated that all our Ameria and

Polymeria are usually considered as Protostomia, and all our

Oligomeria and Chordoma as Deuterostomia. There is, how-
ever, an uncertainty among the adherents of the dichotomy

Protostomia : Deuterostomia (also if these taxons appear un-

der other names) on how they should classify the so-called

Tentaculata (a part of our Oligomeria). Hatschek and Grobben

placed them resolutely among the Protostomia (i. e. Ectero-

coelia, according to Hatschek); the same was done by

Hyman (as a part of the Schizocoela), Beklemischew (as Po-

daxonia w^hich, however, include also the Brachiopoda!), etc.

Frequently, the Tentaculata are also considered as an inter-

mediata or transitional group between the Protostomia and the

Deuterostomia (e. g. by Cori) because on the one hand they

have a definitive mouth which develops from the primitive

mouth (yet in the same place if the primitive mouth growls

together in due time), and on the other hand because their

perigastrocoele develops partly in the enterocoeUc way which

is quite an inconvenient fact for those who believe in the

dichotomy discussed here.

After everything we have said about the evalution of the

ontogenetic facts and their exploitation in a natural system of

animals it becomes clear that we must proceed very carefully

when we wish to use these facts for some taxonomic purposes.

We must therefore assume not only a critical but also a negative

attitude towards a division of the Eumetazoa as the Coelomata

into the Protostomia and the Deuterostomia. We must take

this stand not only towards those attempts which seek to

represent the various types of oral and anal openings that can

be observed during the ontogenies as if they were recapitula-

tions of some adult states (cf. the desperate attempts made by

Boettger (1952) and Steiner (1956) who tried to explain these
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differences on a functional basis) but also towards those

zoologists who consider correctly that these are morpho-

genetic processes which are typical of the ontogenies only and

which are therefore not recapitulations of some adult ancestral

form. I have discussed this problem extensively in another

study (Hadzi, 1948).

It should be mentioned here that this high division of the

Coelomata does not depend exlusively on the destiny of the

primitive mouth during the ontogenies. It is usually combined

with other pairs of opposite characteristics, above aU the type

of development of the perigastrocoele (the Ecterocoelia and

the Enterocoelia, according to Hatschek, which have already

been discussed), and the position of the cerebral process along

the body axis (Epineuria-Hyponeuria). Even if there are some

differences in special points between all these classifications we
must nevertheless admit that there really exist such groupings

of characteristics. The origin of these differences, however, can

also be interpreted with the same justification in another way
by means of which we can create an even more probable con-

struction ot the genealogical tree where the "function" of the

so-called Tentaculata can be seen even more clearly. Those

who accept the thesis of an evolution of the two main branches

of the Coelomata from a common root run into great difficul-

ties as soon as they try to explain why the protostomial state

on the one hand and the deuterostomial state on the other had

evolved with all the other differences which appear together

with them. They have therefore been obliged to take refuge in

a very hypothetical and therefore improbable construction as

has already been shown here.

Both the facts as well as the working method show that it

is much more probable that the two taxonomic units which

are known under the names of Protostomia and the Deutero-

stomia had not developed side by side, i. e. parallel or diverg-

ing from a common root, but rather one after the other, so

that first the Polymeria evolved from the amerous Eucoelomata

(they are both grouped together as Protostomia), and the



410 THE EVOLUTION OF THE META^^OA

Oligomeria afterwards evolved from the Polymeria. It was

within the framework of the Oligomeria that a perfect deutero-

coelic-enterocoelic state had been reached. A perfect hypo-

neuria, however, did not develop earlier than in the Chordonia.

It is even easier to pursue the enterocoelic type ot develop-

ment of the greatly reduced system of the perigastrocoele in

the Oligomeria than it is to study the deuterostomic state. It is

again a clear case of a rationalization of the ontogenetic

morphogeny, a simplification of its mechanism. The formation

of the perigastrocoele is brought closer to the Anlage of the

intestine. This takes place in such a way that first some cells

migrate from the epithelium of the primitive intestine into the

middle layer where they subsequently gather to form the

perigastrocoele sacks. This agrees well with the interpretation

which had already been suggested some time ago and which

considers the oligomerous state as a secondary phenomenon
which had evolved from the polymerous state by way of an

oligomerization. The deduction of the perigastrocoele from

the "lodges" of the anthopolyps which has been from the very

beginning a completely improbable suggestion, becomes

herewith superfluous. This is also true for the entirely artificial

construction of a bilaterogastrula and for many other similar

things.

The fact that various Anlagen of the basic parts of the adult

organization begin to develop first in rather different ways

while finally they all become considerably uniformized (ration-

alized) can be considered as a general regularity of the onto-

genetic morphogeny. This can be clearly seen in connection

with the formation of the intestine (cf. the various modi that

occur in the Cnidaria alone), of the perigastrocoele, of the

segmentation, etc.

Thus we come to the conclusion that the categories Pro-

tostomia-Deuterostomia do not exactly express the actual

facts, nor do they stand in agreement with the correct inter-

pretation of the same facts. This result is therefore similar

with our findings in connection with the high taxons the
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Coelenterata-the Coelomata, the Radiata-the Bilateria, the

Ecterocoelia-the Enterocoelia. The categories Protostomia

and Deuterostomia must be therefore abandoned. We find it

completely satisfactory if we use the simplified classification

of the primarily polymerized animal groups (classes) as mem-
bers of the phylum Polymeria. We emphasize explicitly that we
speak here of the primarily polymerized animal classes only,

because there are also secondarily polymerized animal classes

which belong, as we shall later see, to the phylum Chordata.

The Classes of the Phylum Polymeria

Just as in the case of the phylum Ameria we find in the

Polymeria that the evolution of their basic structural (Fig.

56) type had spread radiating into several different specialized

directions. The system and the taxonomy of the groups of

Polymeria which have emerged as a result of these various

lines of evolution have been treated variously by zoologists.

The study of these various groups of Polymeria has been made

difficult by the fact that the same animal groups were placed

into various categorical levels by various authors. There is a

considerable unanimity among scholars about the general

sphere of the high group of the Polymeria; it corresponds

roughly to the old notion of the Articulata as it was proposed

by Cuvier.* The word Articulata can be met with not in-

frequently even now as a name of a high taxon, e.g. in Bekle-

mischew. In this case the two notions and high taxons Arti-

culata and Polymeria correspond exactly to each other. Yet 1

prefer the name Polymeria because it agrees better with the

names of other groups with a similar rank, the Ameria and the

Oligomeria, and because it expresses better what it represents ;

the Oligomeria are finally also "articulated" animals while at

the same time they had evolved separately from the typical

* Not in the sense of the "Articulata" Huxley (1869) as a subgroup

of the Brachiopoda!
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Fig. 56. Genealogical tree of the phylum: Polymeria.

"Articulata," and they must be therefore clearly separated

from the latter.

Contrary to the situation which we have found in the geo-

logically much older Ameria, we see that it is quite easy to

identify the two main lines of the evolution of the Polymeria

which have been used for a long time already as high taxons.

We will consider them as subphyla and use the names Annelida

and Arthropoda. It is quite easy to classify all the classes of the

Polymeria into one of these two subphyla. Beklemischew, on

the other hand, distinguished here five subphyla, i.e. Annelida,
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Tardigrada, Pentastomida, Onychophora, Arthropoda. Such

a classification can be well defended as well as a classification

into three subphyla. In this classification we place an inter-

mediate group which has stumps only as extremities (Tardi-

grada, Onychophora, Pentastomida) between the Annelida

which have no extremities at all, and the Arthropoda which

are equipped with the articulated extremities. The question

remains open w^hether we can consider these forms as a primary

element or whether they had emerged as a result of a secondary

development. We think that it is sufficient to divide the Poly-

meria into two subphyla, the Annelida and the Arthropoda

(this is true at least for the recent Polymeria) because we find

that the stump limbed Polymeria do not only show closer

relationship connections with the Arthropoda but also because

they do possess extremities even if these extremities are very

simple or if they are remains only of such extremities (Penta-

stomidea).

The dichotomy corresponds well, as this has already been

mentioned, to the two main Unes of the evolution of the

Annelida which have remained more primitive animals. From
these we derive the Oligomeria, i.e. the next higher phylum

which is as such the third phylum of the Eumetazoa. The
situation of the Annelida resembles that of the Turbellaria,

among the Ameria. In these the polymerization had reached

its highest development. On the other hand, we can soon

observe a trend to a sessile way of life and its necessary con-

sequences, a shortening of the body length and a reduction

of the polymerous state. The Arthropoda on the other hand,

the second main branch which had a much more exuberant

evolution, played a role similar to that of the Mollusca among
the Ameria. At the same time they far surpassed the Mollusca

because they solved much better, not only in water but above

all in the sea also (Crustacea), the problem of transition to a

Ufe on dry land by developing a tracheal system. Just as in the

case of the MoUusca, among the Ameria, we find that the

Arthropoda have still remained within the sphere of the type
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of the Polymeria in spite of their progressive evolution com-

bined with a strong specialization.

The suggestion to use the Spiralia as a systematic notion

and the group of the Protostomia as a part of the same must be

resolutely rejected. Such a suggestion was made, for example

by Kaestner (1954) and by others. Such a group would

include besides some clear Articulata (Annelida, Echiuroidea)

also many groups of our Ameria, above all the MoUusca,

Nemertinea, and the Platyhelminthes. The spiral type of

cleavage appears in widely different animal groups and it is in

no way connected with the problem of the closer relationship.

It belongs exclusively into the sphere of rationalizations of the

mechanism of the early ontogenies. Or in other words, the

spiral type of cleavage can appear in all those cases where

similar conditions of the egg structure appear together with

the mechanism of cleavage which is connected with the

former. Attempts have also been made to justify the existence

of the Spiralia as a natural group by referring to the similarities

that can be observed in their larvae (Kaestner, 1954:13).

Such an argument has already been sufficiently discounted in

our present study.

It would be in no way difficult to show the unacceptability

of the division of the groups which are covered by the notion

and the taxon Polymeria into several (six) phyla as we find

this in the Zoological Names (edited by A. S. Pearse). The

classification which comes closest to the system which we
consider as the best one is the system which was proposed by

Beklemischew. It has already been mentioned that his cha-

racterization of the w^hole high phylum Articulata (the seventh

high phylum, according to Beklemischew) corresponds exactly

in its sphere with our Polymeria. The main difference exists in

the fact that Beklemischew divides his high phylum into five

subphyla (AnneUdes, Tardigrada, Pentastomida, Onychophora,

Arthropoda) while we beHeve that a completely sufficient

subdivision can be made by means of two subphyla (Annelida,

Arthropoda). We consider that the three remaining groups
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(Tardigrada, Pentastomida, and Onychophora) do not "de-

serve" to be given the category of subphyla. All these three

groups can be considered as very specialized Arthropoda.

Beklemischew has also given the rank of an independent sub-

phylum to the Sipunculoidea (he calls them Prosopygia) as well

as to the Kampto2oa. He places these two subphyla after the

Arthropoda which is certainly quite unusual. In this connection

we can also dispense well enough with the category of super-

classes even if it is true that among the classes of the Polymeria

there are some groups which are phylogenetically more closely

related, similarly as has been the case with the Ameria.

It seems that w^e will probably come to a generally acceptable

scheme of the system of the Polymeria if we abandon these

unnecessary subdivisions.

The subphylum AnneUda can be well enough subdivided

into three classes, the Polychaeta, CHtellata, and the Echiuro-

idea. The class Polychaeta is the main one w^hose ancestors

had evolved into all the other subtypes as well as into the

Arthropoda and into the next phylum Oligomeria. Several

zoologists have given the rank of a class to the group Myzo-
stomida; I myself have done this in my proposed genealogical

tree of the anim^al world (Hadzi, 1944:179); this, h wever, is

really not necessary. The Myzostomida can be considered as

specialized Annelida of the type of the Polychaeta; this is also

the way how they are treated in the system proposed by

Beklemischew. It is almost a question of personal taste whether

we unite the Oligochaeta and the Hirudinea, the two groups

of the Annelida, into a new group CHtellata, or whether we
consider each of them as an independent class. There is no

disagreement among zoologists that the Arthropoda evolved

from some AnneUda-like ancestors. Yet we are still uncertain

about the way along which this evolution had proceeded,

whether the Arthropoda evolved once only or after repeated

similar attempts made by Nature. The systematists of the

Arthropoda show in this point a considerable variety of

opinions. For the present we can again avoid the obligatory
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intermediate categories in our system of the Arthropoda such

as the superclasses. All the recent Arthropoda can therefore

be subdivided directly into the corresponding classes. The

number of these classes varies, if we take into consideration

the recent animals only, between thirteen (e.g. according to

Comstock), eleven (e.g. according to Beklemischew), and

five. I believe that five classes are sufficient because there are

many suggested classes here which can be easily considered

as subclasses. These five classes are, the Onychophora (with

the Protracheata and the Tardigrada), Crustacea, Chelicerata

(among these are also the Xiphosura and the Pentastomida),

Myriapoda (here are also included the Symphyla, Pauropoda,

Diplopoda, and the Chilopoda with the old root of the Hexa-

poda), and the Insecta (with the two subclasses, Apterygota

and Pterygota).

We can easily see how well-founded is a reduction of the

number of classes if we study the classification as it was pro-

posed by Comstock who suggested that there should be thirteen

classes of the Arthropoda (yet without the Trilobita; his

classification goes back to the year 1925!). He considers the

Onychophora and the Tardigrada as two separate classes;

separate classes are also the four groups of the Myriapoda

(this can be found quite frequently even in modern zoologists

because of the differences which exist in the relationship

connections between the four groups). The Palaeostraca

CLimulus), Pycnogonida, and the Pentastomida are also con-

sidered as independent classes which in reality must be

grouped together with the Arachnida into the class Cheli-

cerata. Comstock separates, quite unnecessarily, a part of the

Apterygota as Myrientomata from the remaining insects as

Hexapoda, a classification which is no longer in use. In this

way we find that five classes sufficiently represent all the ma-

jor subdivisions of the Arthropoda. I will not discuss

here the still open problem of how the Arthropoda had

actually evolved from the Chaetopoda, and how the present

classes evolved from the primitive Arthropod, because I
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cannot propose any new ideas here which would clarify these

points. The Arthropoda probably evolved on the sea bottom

and along several radiating lines. The hypothesis proposed by

Giljarov about the origin of the youngest (and in spite of this

very old) group Hexapoda from some ancestors similar to the

Myriapoda wich had lived in the soil seems to me to be very

probable. The Arthropoda left the sea several times to live

on land; and this is also true for the Polymeria as a whole.

The number of subtypes is smaller in the Polymeria if we
compare them with the situation which can be found in the

Ameria. There, in one subclass only, which consists entirely of

species that live as parasites, are the Pentastomida

among the Chelicerata; on the other hand we find among the

Ameria three classes which consist exclusively of the parasitic

species. At the same time, however, we can identify parasitic

species or even whole subgroups in other classes of the Arth-

ropoda also (with the exception of the Onychophora and the

Myriapoda). Among the Cirripedia we can find endoparasites

whose form had been simplified beyond recognition so that it

is their freely swimming larva only which shows their arthro-

podal provenance.

Among the Polymeria we cannot identify a single class of

fully sessile species while on the other hand there exist two

such classes among the Ameria (Cnidaria, Endoprocta). The

reason for this is the fact that a fully sessile way of life can

exist in a fluid medium only because a majority of the Poly-

meria are now terrestrial animals. There is one group only

among the sea, inhabiting Polymeria (the Cirripedia among the

Entomostraca) which includes fully sessile species; yet again

these Cirripedia do not form any colonies (cormi) because they

have completely lost the ability to reproduce asexually. It is

noteworthy that forms similar to cormi have been developed

by the Polychaeta which reproduce by way of division and of

budding.

There is, however, another point which we find most in-

teresting in connection with the way of life of the Annelida
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and which is important for the correct solution of the problem

of the origin of the next "higher" phylum. These are two

phenomena which are mutually closely related. One of these

phenomena is connected with the way of life, above all with

the type of feeding and of movement, and the other pheno-

menon with the evolution in the direction polymerization ->

-> oligomerization. We find in this connection an interesting

and revealing survey of the development trends such as they

appear within the phylum Polymeria which had finally led to

the emergence of the next "higher" phylum.

The starting form of the evolution of the Polymeria had been,

contrary to the situation which we find in the Ameria, a bilate-

ral richly segmented and therefore elongated eumetazoan which

had moved over the surface of the sea bottom by means of a

sinuous type of locomotion and which fed as a predatory

animal. The polymerization took place in a part of their

subline of evolution which developed progressively; its con-

sequence are species which can reach a length of several

metres, which consist of hundreds of segments, and which

are either equipped with parapodia (Polychaeta errantia), or not

at all (Oligochaeta). In the shorter side lines of evolution,

however, the animals have actually preserved their free mobili-

ty while at the same time the size ot their body was considera-

bly decreased and the number of their segments reduced. They

had thus been subjected to oligomerization. This development

had taken place both in the Polychaeta and in the Oligochaeta.

There have also been some instances of neoteny.

Another part of the freely moving Polymeria also developed

progressively ; they changed their type of movement by de-

veloping lateral excrescences which evolved into active

extremities. Here the number of segments had been reduced

(oligomerization) in several sublines of evolution, even in

those whose representatives had begun to live on land; this

reduction was usually combined with a differentiation of vari-

ous parts of segments which led to a regionalization of the

body, and above all to the cephalization of the foremost
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segments, the acron included. In several sublines we can

observe a parallel development towards a stabilization of the

number of segments, e.g. in the Crustacea where the number was
fixed at twenty. Yet even in these lines the oligomerization can

continue to have an important role, above all in the side lines

with a specialized way of life (e.g. the Pentastomida), or with a

strongly diminished size of the animal body (e.g. the Acarina).

The part of these Polymeria which evolved progressively

reached its climax in several groups of the Polymeria that Hve

in water and on land and whose evolution has alw^ays ended

blindly. It should be mentioned in passing that during this

development the conditions of the perigastrocoele and of the

other coelom cavities had also been considerably changed and

that this development led to the formation of a secondary

myxocoele. Among the Arthropoda that live in the atmosphere

we find the "worm-like forms" still preserved in the Pro-

tracheata (Onychophora) and in the Myriapoda s.L, as well

as in the larvae of numerous insects.

Now, we must return to the primitive Polychaeta among
the Annelida. A part of these had given up the mobile way of

life and predatory macrophagy and had begun to live as sessile

and microphagous anim.als. This transition was made by freely

moving species which had developed temporary protective

tubules. Such species have been preserved down to the present

day. The tubicolous way of life is different from the truly sessile

way of life where the animal becomes directly attached to the

substratum after metamorphosis had been completed. In this

line of evolution we can also find formation of regions (e.g.

Chaetopterns) and a diminution of the size of the body which

had also led to a reduction of polymery, yet no special new
type ever emerged as a consequence of this development. It

has always remained a blindly ending side branch.

The radiating lines of evolution which started from the

prototype of the Polychaeta proceeded even further. A part

of these abandoned life on the free surface of the sea bottom

and penetrated partly into its soft sediments where they
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burrow, eating sediments that are rich in organic substances,

or they try to find protection in clifF fissures, empty shells

of snails, etc. The parapodia and the sinuous type of locomo-

tion became superfluous to these animals; this again led to a

considerable reduction of their organization which had even

reached the internal polymerization. The consequence of this

development had been the loss of the dissepiments and of the

Fig. 57, Schemes illustrating the transition from Polymeria to

Oligomeria: A, echiurid; B, sipunculid; C, phoronid; D, ecto-

prokt.

chaetae. Even among the recent species we can observe all the

stages of this reduction which finally led to the emergence of

a new animal type. These stages are well represented by the

following forms: Arenicola-Sternaspis (with the disintegration

of the dissepiments)-jE^>&//^r//j' (the segmented perigastrocoele

can be found in their embryos ov\f)-Sipunculus-Phoronis (Fig.

57). We will later return to discuss the Sipunculoidea in more

detail. The elongated worm-like form had been preserved by

all these animals in spite of the loss of an external and of an

internal segmentation. We frequently hear in this connection
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of modified trochophores; this, however, does not have

any sense if viewed from the phylogenetic point of view.

Greater differences can be observed during the embryonic

development.

The most important conclusion we can reach on the basis

of our present discussion is that the polymerous state of the

perigastrocoele must be considered as a primary, primitive

phenomenon, and that the oligomerous state had only evolved

secondarily due to a reduction of the segmentation. This

reduction had been caused by a changed way of life. This de-

velopment had finally led to a complete uniformity of the

perigastrocoele.

The Phylum Oligomeria and Its Classes

We come now to a point of the construction of the natural

animal system and the formation of the phylogenetic tree.

This is considered quite generally as disputable but it

can easily be solved it viewed from our standpoint. All zoolo-

gists agree that the Arthropoda represent a climax in a gene-

rally progressive evolution of the animal w^orld and that for

this reason no further evolution had been possible along this

line. We must therefore presuppose that the evolution which

led to the emergence of the Chordoma and of the Ver-

tebrata, had started from a lower level than that reached by the

Arthropoda. It has already been indicated how various zoolo-

gists believed they found the point of separation of

the two lines of evolution in various parts of the genealogical

tree. In the scheme of the genealogical tree we can find this

evolution represented by two strong branches, the protostomic

and the deuterostomic branches. As a typical example

we can mention here the genealogical tree as proposed

by Cuenot (see Fig. 50). Without any intention to deal

here in detail with all the attempts that have been made so far

to represent the phyletic relationship between the Protostomia

28
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and the Deuterostomia (also when treated under other names

which we have already mentioned) I wish only to point here

to the suggestion made by palaeozoologist Miiller (1958).

Here we can find a combination of the scheme as it was pro-

posed by Cuenot—which Miiller obviously considers as the

best among the now available schemes—and of my diagram.

The uncertainty Miiller feels regarding the point where the left

branch (the Deuterostomia) should begin, according to the

interpretation proposed by Cuenot and by a number of other

zoologists, is characteristic. A small operation only is needed

here to reach a well-founded conclusion. The left branch which

is hanging loose in the scheme proposed by Miiller can be

extended so much that it reaches the right branch at a point

above that spot where the Mollusca branch off, and below the

point where the Annelida branch off. In this way the two main

branches are changed into a stem, and the Annelida-Arthro-

poda are represented as one of the main branches. It is true

that in this way we expose ourselves to the accusation that we
try to revive the old, long obliterated idea of an 'Techelle

animale^' or even of a general stage-like sequence, I consider

such an accusation as unjust because in my attempt there is

neither a simple gradation, nor only one uniformly progressive

line of evolution. My construction represents a true genealo-

gical tree, and not a ladder, with the only difference that this

tree has a real trunk (as this is normal in all the trees) and only

one main top. The new element which can be found in my
attempt, however, is the fact that in my interpretation of

natural facts I have come to the conclusion that there has

been a long era of a retrogressive evolution. I have ende-

avoured to make this suggestion as feasible as possible.

During the transition from the phylum Ameria to the phylum

Polymeria, as well as from the phylum Oligomeria to the phy-

lum Chordoma, evolution always began at a somewhat lower

level of the earlier type, yet it immediately continued in a

progressive direction. This evolution led to the emergence

of a new type whose organization reached another higher
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level afterwards. Due to various specializations this new type

again evolved into various subtypes. Here we can find only a

few side lines that led to a simplification of the organization

because of a retrogressive trend in their evolutions (Tardi-

grada, Pentastomida among the Chelicerata, Acarina, the

parasitic Cirripeda; among these there may also be some cases

of neoteny). Several classes and subclasses have reached a very

high level of organization, especially among the Arthropoda,

with the Insecta as the highest point of this development. Had
there been no further evolution, first in a retrogressive direc-

tion (Oligomeria) which w as followed by a progressive evolu-

tion (Chordoma) ; the Arthropoda with the Chelicerata and the

Insecta would be the two groups representing the climax and

the end of all the evolution of animals.

The Sphere of the Phylum Oligomeria

Those who believe in a dichotomy of the "Coelomata" into

the Protostomia and the Deuterostomia meet with great

difficulties as soon as they try to drav/ exact limits between

these tw^o main subdivisions of the Coelomata. This could not

be the case if these two subdivisions really stood clearly in

opposition to each other, as was originally believed. Above all

there should be no such combinations as protostomy on the

one hand, and enterocoely on the other, or vice versa; yet

such combinations do actually exist. We can avoid these and

many other difficult and unpleasant facts if we interpret these

apparently conflicting phenomena by means of the mosaic

theory; if we consider that both the deuterostomatous and the

enterocoelic states evolved from the protostomatous and

ecterocoelic states. For the sake of a more easy understanding

of these processes we will find it helpful, as this has repeatedly

been emphasized, if we take into consideration the changes in

the way of life and if we exploit more critically the ontogenetic

facts.

28*
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The fact has already been known for some time and it has

been accepted by many zoologists, that there exist several

small groups of worm-like animals which somehow represent

the transition from the Annelida to the Eucoelomata which

consist of few segments only. These intermediate forms are

partly enterocoelic, partly ecterocoelic animals. Earlier this

group was frequently called the Gephyrea (the bridging ani-

mals). This grouping, however, was out of agreement with the

facts because it includes animals which clearly belong to the

Annelida ; these animals were called now the Gephyrea chaeto-

phora (Echiuroidea). These Echiuroidea have been classified

quite generally and rightly among the Annelida, usually as

one of their independent groups (as a class or even as a phylum

which is certainly an overvaluation).

As regards the system of the remaining small groups which

are not at all or only partly segmented, and which possess at

the same time a perigastrocoele, we find above all that the

group Molluscoidea corresponds least to the natural facts, and

that its name has been least fortunately selected. We can see

that according to Grobben, the Molluscoidea (which are also

called Tentaculata in the parenthesis) consist of three classes,

i. e. the Phoronidea, Bryozoa (Ectoprocta), and the Brachio-

poda. These Molluscoidea appear immediately after the class

Mollusca within the phylum Protostomia (Zygoneura, accord-

ing to Hatschek). All these three classes have in reality nothing

in common with the Mollusca. This is a grouping which has

been introduced because of a lack of a better solution. Neither

is the correct position given to the Mollusca in this

system; the Mollusca are clearly primarily unsegmented ani-

mals, while at the same time the unsegmented character of the

Molluscoidea must be considered as a secondary phenomenon.

Fortunately enough we find that this name "Molluscoidea"

has fallen into disuse.

A much better name has been proposed for this animal

group by Lang. He called them Prosopygia. The members

of the group which have thus become united under this name
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do really show a characteristic phenomenon ; in these animals

the anal opening was transferred to the anterior part of the

bodies as a consequence of their semi-sessile or fully sessile

way of life. Lang has therefore classified among his Prosopygia

the Sipunculoidea which are usually placed close to the Anne-

lida ; the Sipunculoidea are, as a matter of fact, prosopygous

"worms." Few zoologists have accepted these suggestions pro-

posed by Lang (e.g. Haeckel). Beklemischew, on the other

hand, has gone very far in the opposite direction ; he limited

Prosopygia to the Sipunculoidea only.

The w^ord Tentaculata has been much more widely accepted

as a name of this group. There have also been some other

suggested names, e.g. the Podaxonia and the Vermidia

(Delage and Herouard), yet their spheres have been slightly

different. All these attempted groupings have one thing in

common; they include a part only of the Eumetazoa which

possess few segments only and which are therefore classified

among the Protostomia. In this way they are sharply separated

from the remaining groups with few segments which are

classified among the Deuterostomia. Few zoologists have tried

to escape this magic circle attempting to reach better solutions

on the basis of other concepts.

The attempt which comes closest to my suggestion both

as regards its sphere and its name was made by Krumbach
within the framework of his "Vermes" (Vermes Polymeria).

Yet they do not include either the Sipunculoidea (in spite of the

fact that his characterization of the Oligomera suits to the

Sipunculoidea, with the exception of the number of their

segments) or the Echinodermata which actually belong to

the Trimeria. Schneider (1902) unites his Ameria (with the

Echinodermata as their only cladus) with the Trimeria (Entero-

pneusta and Tentaculata) into the type Coelenteria; they are

thus "Metazoen, deren Mesoderm vom Entoderm stammt und

phylogenetisch als Enterocoel auftritt" which, however, does

not correspond with our concept. Lameere united all the

groups which we classify as Oligomeria—with the exception
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of the Sipunculoidea— under the name Derosomes, yet he

placed them within the framework of "Les Vers." Ulrich

(1950) has also united, as we have done, all these groups (with

the exception of the Sipunculoidea) but he used here different

names (Tentaculata for three of our classes, and Entcropneusta

for two of our classes); at the same time we find in his work

the Chaetognatha accompanied by a question mark as a sign

that Ulrich could not come to any decision regarding the

classification of this truly aberrant group. The Sipunculoidea

are also equipped by Ulrich with a question mark. The frame

work, however, of this group is in Ulrich entirely different

from the sphere of our Oligomeria. All these groups are placed

under the name Archicoelomata (as a counterpart to the Neo-

coelomata which again are equipped with a question mark) at

the beginning of the Bilateria (Coelomata). This must be inter-

preted in such a way that Ulrich believes that all these animal

groups have primarily few or no segments; correspondingly

we find the Platyhelminthes with the Nemertini, Endoprocta,

and the Priapulida placed at the end of the system, together

with the Protostomia which are preceded by the Deuterostomia.

It is noteworthy to see that Ulrich inclines to judge "die

Evolution des heutigen Cnidarenmaterials nicht als progressiv,

sondern als regressiv." In his text Ulrich makes a good ob-

servation regarding the widely accepted division of the Coe-

lomata into the Protostomia and the Deuterostomia. He states,

"sie (sc. this division) wird jedoch der tatsachlichen Mannig-

faltigkeiten nicht gerecht, tut den Dingen mancherlei Zwang
an und gedenkt die im einzelnen ungeheuer heterogenen,

bruchstiickartigen Producte einer unermasslichen Evolution

bereits mit einem intimen Einzelmerkmal regieren zu konnen."

Ulrich stands clearly too much under the influence of the

ideas that had been proposed by Remane.

We have not accepted the division of the Eumetazoa into

the Protostomia and the Deuterostomia as such a division

could not represent an actual phyletic development. We are

therefore not hindered in uniting all the groups of the Eumeta-
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zoa which show an impoverished or reduced segmentation

(yet not individual species !) into a large group which we call

the Oligomeria. We think that this large group actually repre-

sents the natural facts. Here we include those groups

which do not show a clear segmentation of the perigastrocoele,

as well as those which have three pairs of the perigastrocoele.

The following nine classes are therefore included in the phylum

Oligomeria:

(1) Sipunculoidea.

(2) Phoronoidea.

(3) Pogonophora.

(4) Brachiopoda.

(5) Chaetognatha.

(6) Ectoprocta.

(7) Echinodermata.

(8) Pterobranchia.

(9) Enteropneusta.

Chordoma

Enteropneusta^

Oligomeria

Pterobranchia

......

Sipunculoidea

/^Echinodermata

/ A Ectoprocta

I
/ /Chaetognatha

l*!/ / ^Brachiopoda

ii//

.

\\l / y Phoronidea

Annelida
(Polymeria)

Fig. 58. Genealogical tree of the phylum: Oligomeria.

The phylum Oligomeria consists thus of nine classes which

usually represent few species only, in comparison with the

fifteen classes that belong to the Ameria, and the eight classes

which belong to the Polymeria (Fig. 58). There are two

classes only of the Oligomeria which represent a larger number
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of Species. They are the Ectoprocta and the Echinodermata.

All these species live without any exception in water, and

there are few exceptions only (among the Ectoprocta) which

do not live in the sea. With the exception of the class Chaeto-

gnatha—which is also otherwise an aberrant group—we find

that all the groups of the OHgomeria live on the sea bottom.

Lameere (1931) and Had^i (1958a) have shown that we can

best explain the organization and the place where the Chaeto-

gnatha live, which is quite unusual for the OHgomeria— the

free water zone— if we consider that the Chaetognatha evolved

by way of neoteny from the planktonic larvae ot the Brachio-

poda. There is no other class or even a lower systematic category

among the recent OHgomeria whose species have also become

adapted to a life in plankton. Individual species can only be

found among the Echinodermata which had also evolved into

planktonic animals {Velagothuria and a few other species), a fact

which could be least expected because of the internal skeleton

which had also been developed by these same animals. On the

other hand w^e find a rich variety of planktonic larvae developed

by these OHgomeria, a fact which could easily be expected;

these larvae show widely different forms and structures which

are of Httle use as material used in our phyletic speculations.

The fact that among aH the recent nine classes of the OHgo-

meria there are only two with a richly developed asexual rep-

roduction combined with a formation of cormi (Ectoprocta

and Pterobranchia), shows the Hmited plasticity of the OHgo-

meria. Polymorphism can be observed quite generaUy among

the Ectoprocta. A very surprising circumstance is the fact that

even a dully sessile class such as the Brachiopoda are no

longer able to reproduce asexually. We can understand this if

we interpret the OHgomeria as secondarily simpHfied and

speciaHzed animals which had evolved from the Polymeria by

way of a retrogressive evolution.

On the other hand, widely different trends in evolution can

be found within the group OHgomeria itself; the situation here

is very similar to the one we have been able to observe in the
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Ameria. In the Echinodermata a secondarily emerging pro-

gressive trend is most clearly noticeable; this has been the

reason why the Echinodermata have been treated so frequently

by the systematists as a special type or as a phylum. The
Echinodermata had developed, apart from a hypodermic

skeleton, new systems of coeloms and special organs of move-
ment also which are a consequence of their secondarily acquired

free mobility. The Echinodermata certainly represent the

cUmax reached in the progressive evolution within the phylum
Oligomeria. They have even become indirectly able to repro-

duce asexually by way of an intensified regenerative ability.

They also show a conspicuously rich development of various

subtypes, many of these have died long ago.

Among the sessile Oligomeria we notice a progressive

evolution in the Ectoprocta too. Yet as regards the condition

reached in the organization of their individuals (we can speak

here almost of subindividuals) they have preserved a

low level, or they had sunk in this respect to an even lower

level. A progressive trend can be observed in the formation

of their cormi (colonies) which are frequently regularly built

and polymorphous.

There are not less than six classes of the Oligomeria, i.e.

Sipunculoidea, Phoronidea, Pogonophora, Brachiopoda, Chae-

tognatha, and Pterobranchia which all include a few species

only (only the Brachiopoda possessed numerous species

during their geological history), which represent "insig-

nificant" side branches of the evolution that are of little use

in our phylogenetic speculations, and which do not play any

significant role in the life of the sea.

Special attention must be paid to the class Enteropneusta

even if this class does not appear very important from the

ecological viewpoint or with regard to the number of species it

includes or the living mass. The species which belong to this

class (ca. seventy-five) are some of those Oligomeria which had

partly won the ability to move freely ; they are therefore

semi-sessile animals which do not live in tubules built by
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themselves but rather burrow into the soft floor of the sea.

They also show a considerable morphological-physiological

specialization in this direction which can be observed above

all in the anterior end of their bodies. The trend to preserve a

"worm-like form" is clear in the Enteropneusta (there are even

species which can be several metres long). Even more impor-

tant, however, is the fact that they show a strong inclination to

a polymerization which re-emerges in these forms. This poly-

merization involves several systems of organs (the sexual,

respiratory, digestive, etc., systems) along the third body

region which is quite large in these animals. A very important

fact also is the circumstance that in the Enteropneusta the

maximum number of segments of the perigastrocoele sacks is

still preserved. There are still other properties which must be

mentioned here such as the presence of a ventral and of a dorsal

nerve cord which are equipped with canals, the inclination

of these animals to develop an endoskeleton and to form a pair

of body folds for the sake of protection , of openings which

are used as breathing organs, an inclination of their intestinal

tubes to form skeleton-like outgrowths and glands similar to

a liver as well as a cavity resembling a pericardium. The ab-

sence of metanephridia is conspicuous.

Thus we come to the conclusion, w^hich has actually been

also expressed by many other zoologists, that the recent

Enteropneusta must be considered as considerably changed

(because they are specialized) descendants from an oligomerous

ancestral form, which had been at the same time the starting

point of the evolution of the next higher phylum Chordoma,

that had developed from this ancestral form during a very

remote geologic past. This derivation of the Chordoma from

some ancestral form, which they had in common with the

recent Enteropneusta, is certainly more probable viewxd from

my standpoint than is the other variant w^hich has also been

repeatedly suggested by various zoologists and according to

which the Chordoma had evolved from an even more primitive

ancestor.
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Finally we must not completely bypass the Graptolitha, an

extinct class of the Oligomeria, in spite of the fact that in the

present study we take into consideration the recent groups

only. There can be no doubt that these Graptolitha must be

classified among the Oligomeria and not among the so-called

Coelenterata. They obviously represent a case parallel to that

of the Siphonophora, among the Hydrozoa, i.e. a type w ith

polymorphic cormi (colonies). We will not further discuss

these Graptolitha because they represent a blindly ending side

branch of the Oligomeria, and because they are now complete-

ly extinct.

The Problem of the Inclusion of the Sipunculida

Into the Phylum Oligomeria

Following the interpretations suggested by many zoolo-

gists, and among them many specialists, I considered earlier

that the Sipunculida should be classified among the Polymeria

and that they should be looked upon as closely related to the

Echiuroidea and the Annelida. After a thorough and critical

revision of the actual facts, however, I have now come to the

conclusion that some older zoologists had suggested correctly

—among them especially Arnold Lang who was followed in

this respect by Haeckel—that the Sipunculida must be more

clearly separated from the Annelida and that they should be

classified among the Prosopygia.

As regards the conditions of their perigastrocoele we can

find that the Sipunculida show even more oligomerous propert-

ies than all the remaining classes of the Oligomeria. They have

even lost last traces of an intestinal and of an external segmen-

tation; their perigastrocoele has become a completely uniform

organ. They show neither mesenteries nor dissepiments, a fact

which is clearly connected with a change in their intestinal

conditions. Their anal opening w^as transferred to the anterior

part of the animal body, and their intestinal tube is not only

U-shaped as in Phoronidea but it is also coiled. They live as
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semi-sessile animals in canals which they burrow in the sea

floor. At the same time, however, they have also preserved

some traces of a free mobiUty; animals have been observed

that swam over short distances by means of sinuous move-

ments, a fact which I wish particularly to call attention to.

The standpoint which can be defended here is that the con-

ditions that can be observed in the Sipunculida represent the

final stage of an evolution which led from the freely moving

Annelida by way of the tubicolous and burrowing Annelida

to the Echiuroidea and finally to the Sipunculida. The simple

conditions that can be observed in the Sipunculida are therefore

not a primary phenomenon. In the Echiuroidea we can still find

several peculiarities of the Annelida clearly developed, thus

above all the polymery and the neuromery which are tempora-

rily recapitulated in their ontogeny, as well as the metanephri-

dia and the remains of a parapodial apparatus, etc., while at the

same time all these peculiarities of the Annelida have been lost

in the Sipunculida. There is clearly a sharply-cut limit between

the Echiuroidea and the Sipunculida which becomes even

more clear if we liberate ourselves definitively from the notion

of "worms" ("Vermes") as a systematic category which has

now completely lost its significance.

The Sipunculida which have remained to a lesser degree

freely moving animals had evolved as such from a simplified

structure into a specialized direction; during this evolution

they had developed many new properties, and this is the

reason why they have been considered, correctly, as an in-

dependent higher systematic category (a class, frequently even

as a phylum which seems to me an overvaluation). They also

show more and more clearly, besides the prosopygy which is

a consequence of their burrowing and sessile way of life,

another peculiarity w^hich is characteristic of all the Oligo-

meria ; the division of their bodies into two regions (the pro-

soma and the metasoma). The anterior region which is fre-

quently divided into two parts shows the strongest develop-

ment in the most primitive groups of the Oligomeria, and
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above all in the Sipunculida. As an introvert it can even be

longer, at least in some cases (Phascolion, Aspidosiphon, Oncho-

soma), than the length of the actual body, longer than the

postsoma. This proboscoid introvert had developed in the

fully sessile Ectoprocta into the so-called polypid; the postsoma

on the other hand is called here a cystid.

A polypoid develops from a "worm;" one of the most re-

markable features of this development is a radially-symmetric

circle of tentacle-like bodywall extensions which had evolved

around the oral opening and which show in some groups of

the Oligomeria a more bilateral arrangement (in the shape of a

horseshoe, Phoronida, Brachiopoda, a considerable part of the

Ectoprocta). A group of tentacles arranged approximately in

the shape of a horseshoe can be found already in some species

belonging to the Sipunculida.

The fact seems to me to be very important that as early as in

the Sipunculida we can find a kind of an initial formation of a

calcified exoskeleton as this is best shown by the case of

the Aspidosiphon speciosus (according to Hyman). On the one

hand we can find here a "posterior shield" secreted at the

posterior end of the postsoma which can be compared with an

ectocyst, and on the other hand there appears another pro-

tective layer at the basis of the introvert, at the place where

a protective plate (operculum) can be found in the Ectoprocta,

and which corresponds to the collar region, or rather sub-

region, of many Oligomeria. The introvert of the Sipunculida

evolved into a very important organ which is no homologue to

the proboscis of the Echiuroidea. To this we must also add the

strongly developed retractors that can be frequently found

in the Oligomeria. The introvert is frequently covered with

various protuberances, even spines, which can be considered

as a specialization of the Sipunculida.

A characteristic pecuUarity of the Sipunculida is the fact

that the place of their anal opening, which had been transferred

frontwards, has not been completely stabilized. It usually occurs

dorsally at the upper end of the postsoma; in the Onchnesoma



434 THE EVOLUTION OF THE METAZOA

sqiia?/iaturfi^ however, it can be found considerably farther

forwards, on the introvert itself. Their skin which is generally

cuticularized and which is closely connected with the skin

muscle tube shows a rich differentiation, it is richly equipped

with sensory organs, and it contains numerous skin glands;

even coelom canals can be found growing through this skin.

As regards the adult form of the Sipunculida it can be stated

that we can notice here some similarities with the Annelida

which is by no means a surprising fact, because the Sipunculida

had evolved in all probability from some ancestors which they

had in common with recent Annelida. They also show some

peculiarities that can be observed in the Oligomeria as well as

some characteristics that can be found only in the Sipunculida.

As regards the properties the Sipunculida have in common
with the Annelida, mention has most frequently been made of

the structure of their central nervous system; this is rightly so

in spite of the fact that they have preserved the last traces only

of a neuromerism as an irregular arrangement of the pairs

of side nerves. This circumstance is important because it serves

as good evidence that here we do not have an initial state in

the development of the neuromerism but rather a discontinua-

tion of the segmentation. The emergence of sensory organs

must be evaluated as a progressive and a prospective pheno-

menon which is closely connected with the cerebral ganglion

(the supraoesopheageal ganglion).

Less significance should be attributed to the supposed

similarities which the Sipunculida share with the Annelida in

their ontogenetic morphogeny because here w^e find traits

which are much more characteristic of the Sipunculida. It is

true that the Sipunculida are Protostomia inasmuch as their

oral opening coincides locally with the anterior end of a very

elongated blastopore, yet here it is formed anew after the

blastopore had first grown together. It has repeatedly been

emphasized that in my opinion too great a phyletic signi-

ficance has been attributed to the formation of the oral open-

ing during the ontogeny.
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The question has been widely discussed whether there were

at least some temporary traces of a segmentation in the Anlage

of the perigastrocoele which develops from a pair of telo-

blasts. Hatschek (1881) could find no trace of a segmentation

in the embryos oi Sipimcuhis niidtts, Gerould (1906) on the other

hand described and depicted from three to four pairs of coelom

sacks which he believed to have found in the embryos of

Golfingia vulgaris. Gerould has later revoked these facts ; he

considered these phenomena later as a consequence of a fold-

ing which is due to a strong contraction. Gerould made

this statement in a letter only, which is quoted by Hyman.

Those who prefer to see in the Sipunculida a preliminary stage

of an evolution in the direction towards the Annelida will find

the state of things, such as it appears nov\' after Gerould's re-

vocation of his findings, as very important and favourable to

their interpretation. I, on the other hand, consider that it is

much less important whether in fact a segmented state is still

recapitulated in the perigastrocoele of some species belonging

to the Sipunculida. It is not impossible that during the future

researches forms will be discovered among the more than

250 species of the Sipunculida, which differ considerably from

one another, where such recapitulations will be found preserv-

ed. Yet even if no such traces of a segmentation are actually

found preserved in any of the recent species, there are still

other numerous properties which seem to support my thesis

that the Sipunculida evolved as a result of a secondary simpli-

fication and of a specialization of their way of life.

I wish finally to mention here the urns which are so cha-

racteristic of the organization of the Sipunculida. The structure

and the ontogenetic development of these urns are well

enough known. Yet there exists a considerable uncertainty

about their function, and even more so of their origin, of their

phylogeny. These urns remind me—by the whole line of their

development : the freely swimming urns, the attached urns, the

coelothelium cells which are strongly covered with cilia; by the

fact that they collect material to be excreted; and finally by



436 THE EVOLUTION OF THE METAZOA

their visible function as motors of the coelom fluid, of the

circulation— of the so-called rosettes that can be found in the

Ctenophora which I (Hadzi, 1957) have tried to explain as

remains of the terminal organs of the protonephridia that had

grown together with the gastral epithelium. These could thus

be some kind of analogous formations. The ancestors of the

Sipunculida possessed many pairs of the metanephridia that

evolved from the protonephridia. These metanephridia have

generally become superfluous as a consequence of a greatly

changed way of life. It is the anterior pair only or a few

individual metanephridia (in one species of the Sipunculida

we can even see that all the metanephridia have been lost)

that have been preserved in a somewhat changed form in

order to serve above all as gonoducts. The sexual cells are

soon freed in the Sipunculida from their gonads, they circulate

in the coelom fluid which functions at the same time as blood,

and it was in this way that the metanephridia had been changed

into gonoducts. This change had actually taken place as early

as in the Annelida. The nephrostomes of the remaining me-

tanephridia had undergone a considerable transformation;

they evolved first into the "sitting" and later into the freely

swimming urns. At the same time the individual cells have

preserved a strong ciliation. This seems tome to be a very

probable interpretation which can also be used as a working

hypothesis.

The richly developed net of canals are either of the

coelomatic or of a schizocoelic origin and which serve as a

"hydraulic machine" of these remarkable animals must be

considered as a special "invention" of the Sipunculida.

Finally, we must not leave unmentioned the fact that solid

forms can be found in their "coelom blood." Baltzer

(1931:269) wrote about these forms as follows, "Die Mannig-

faltigkeit aller dieser Zolomgebilde gibt dem Leibeshohlen-

inhalt der Sipunculiden eine erstaunlich hohe Komplikation,

cine Kompliziertheit, die von keiner anderen Tier-Gruppe

erreicht wird." I mention this circumstance because it again
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supports my thesis of an evolution of the Sipunculida from

the ancient Annelida. It does in no way corroborate the

opposite thesis which was formulated, for example, by

Hyman (1959, Vol. V., 690) with the following words, "The

Sipunculida are therefore to be conceived as protostomatous

coelomates placed along the main line of the Protostomia that

leads to Annelida, Mollusca, and Arthropoda."

The Oligomeria as the Initial Form for the

Evolution of the Chordonia

One of the characteristics of the Oligomeria is the fact

that they do not include even a single subgroup (class) whose

species would lead a life considered as characteristic of the

Eumetazoa. There is one class only which includes exclusively

freely moving species (the partly inert Spadella does not

disturb this general picture); these are the Chaetognatha. We
have already stated at the beginning of the present study

that life in free water cannot be considered as a primary and

normal way of life. I have tried to solve the problem of

the Chaetognatha together with Lameere by attempting to

derive them by way of neoteny from the planktonic larvae

of the Brachiopoda. This type of derivation corresponds best

with the known facts. The Chaetognatha, as strongly specialized

Oligomeria, cannot be taken into consideration as a possible

initial form for the evolution of the Chordonia. The similari-

ties that can be observed between the Chaetognatha and some

small fishes are a purely external phenomenon. The structures,

the ontogenies, and the types of movement, however, are

entirely different in these two animal groups.

Free mobility has been attained secondarily by the

Oligomeria in two other instances. We find, however, that

in spite of a prolonged evolution the Echinodermata have

still preserved traces of an original radial symmetry that evolv-

ed from an even older bilateral symmetry. This can be seen

29
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even in the burrowing Echinoida where new signs of a bilateral

symmetry can be observed re-emerging. The adult forms of

the Echinodermata (we state this explicitly), however, can

hardly be taken into consideration as possible ancestors of

the Chordonia as this is the case with the Chaetognatha. We
have emphasized the statement "the adult Echinodermata"

because attempts have been made, even by scholars who must

be taken seriously, to represent the planktonic and at the

same time bilaterally symmetric larvae of the Echinodermata

as the initial forms for the evolution of the Chordonia type.

The second attempt which was made by the subtypes of

the Oligomeria to achieve secondarily a free mobility can be

observed in the small group Pterobranchia. The case is interest-

ing because these are clearly primarily tubicolous animals. No
type of the Eumetazoa could or did ever develop from these

forms. Their organization had been strongly and irreversibly

reduced. Quite remarkably we can find in the Pterobranchia

—in these only and in the Enteropneusta—an open connec-

tion between the anterior intestine and the external world.

This connection, however, which is supposed to be used by

the animal in its respiration, was not invented by the Ptero-

branchia; it can also be found in some older types, even

among the Ameria (Gastrotricha). This branchiotrema has

been the main reason why zoologists have tried to bring the

Pterobranchia into a closer connection with the Entero-

pneusta which are even better equipped with the gill slits.

I believe that zoologists have gone too far with these attempts

and that these two groups of the Oligomeria developed

independently from each other in a very remote geological

past. It seems to me that the Enteropneusta had never really

lived as tubicolous animals and that they are therefore the

only group of the Oligomeria which possess a primary free

mobility that has been preserved by them down to the present

day. The possibility cannot be completely excluded, however,

that the Pterobranchia—which are now represented by few

remaining forms only— had evolved from some burrowing



THE NEW GEXE-\LOGICAL TREE 439

ancestors which they had in common with the Enteropneusta.

Their evolution proceeded from this ancestral form towards

a tubicolous way of hfe and it had therefore been separate

from that of other tubicolous Oligomeria.

A derivation of the freely moving Chordoma from such

tubicolous Ohgomeria as the Phoronida and the Pogonophora

seems to be rather improbable. These two subt}-pes are clearly

specialized, the Pogonophora even more so than the Phoron-

ida. A complete loss of the digestive system in a non-parasitic

animal type can certainly be considered as a unique case. It is

clear that nothing could ever have possibly evolved from

such speciaHsts; they represent blind side alleys of evolution

which are so numerous in the animal world. It is unnecessary

to argue and prove that no evolution in the direction towards

the Chordonia with the Brachiopoda and the Ectoprocta, two

completely sessile classes of the OHgomeria, as initial forms

had been possible. The situation as it appears from our stand-

point—which we consider as the best founded point of view

—

is such that the Enteropneusta only can be taken into con-

sideration as a possible initial form for the evolution of the

Chordonia. Even if it is unnecessary, I nevertheless wish

to state exphcitly that quite naturally I do not see in the

recent Enteropneusta the ancestral forms of the Chordonia;

these ancestral forms were in reaUty at the same time ancestors

of the present-day Enteropneusta and Hved as such in the

remotest geological past. From these ancestors had evolved

divergingly (or I could also say in parallel) on the one hand

the burrowing Enteropneusta, and on the other hand the

Chordonia which had returned to a freely moving Hfe. From
these freely moving Chordonia a new subt^^pe (class) had

again evolved, in no way accidentally, of the sessile Chordonia

wliich are represented by the blindly ending side branch of

the Tunicata.

When we try to derive the Chordonia from the primitive

Enteropneusta, among the OHgomeria, we meet with ap-

parently the greatest difhculty— besides some other problems

29*
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which can be solved more easily— of how to explain the

evolution of the polymerous state of the Chordonia from an

oligomerous state with three segments at the most and with

the same number of pairs of the enterocoele (the anterior

pair can also be found grown together).

We must include here first a general observation before

we try to solve this difficult problem. The number of the

main types of life and of the corresponding main forms of

life is very limited. We can therefore see them repeated again

and again within the framework of all the higher groups.

The products of evolution, however, show as parallelisms

considerable differences in spite of frequent analogies and

external similarities; this is due to the fact that they always

start their evolution from different initial points (levels of

organization). Because of these similarities and analogies it

is frequently difficult to identify the initial point of evolution.

In our attempt to solve the problem of the origin of the

Chordata we meet with one of the most important repetitions,

the repetition of the body segmentation. It first took place

by way of an irregular polymerization finally, to reach a regular

polymery during the transition from the Ameria to the Poly-

meria; it was a consequence of a rapid type of movement by

means of a curving of the entire body. Polymery was sub-

sequently reduced to an oligomery within the framework of

the Oligomeria. During the transition from the Oligomeria

to the Chordonia we can again observe an irregular poly-

merization which led to polymery. And again this had been

caused by an active type of movement. In this case, however,

we can hardly speak of a sinuous type of movement; here

the waves of contractions are very low, and the segments

of muscles involved in this movement very short, following

each other closely; they are limited to the dorsal side. The
effect of these contractions had therefore been greatly increas-

ed. Later we can again observe in the Chordonia a secondary

reduction of the number of segments, above all among the

Tetrapoda where the reduction was caused especially by the
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evolution of their extremities. This had again been followed

by a (third) polymerization and by a more sinuous type of move-
ment which is typical of snakes. Among other changes and

innovations that can be found in the Chordoma we must

mention above all the formation of an internal axial skeleton,

with the chorda dorsalls at the beginning.

In the recent animals we unfortunately find a deep gap

between the Oligomeria and the Chordoma. This transition

had taken place in the remotest geological past. The transition

was made by animals whose soft consistency had little chance

of preservation as a fossilized form. The speed itself of the

evolution was also in all probabiUty increased. Finally, it also

seems that it w^as just this transitional stage which had lived

not in a pure sea but, at least partly, in a brackish or

fresh water and this again is an unfavourable circumstance

for the preservation and for the discovery of such fossilized

remains. We have therefore no other alternative but to take

refuge in the comparative morphology of the recent adult

forms and of the developing stages and at the same time

to use our imagination within proper limits.

The Fourth and the Last Phylum of the Eumetazoa;
the Chordonia

It is in no way surprising in view of the available material

to see how many different ideas, hypotheses, and theories have

been proposed so far in various treatises and even books

about the origin of the Chordata, and thus also of the Ver-

tebrata. Only little additional material has recently come to

light, such as the discovery of the fossiUzed remains of the

extraordinarily old chordate Jamojtius. It would transcend the

Limits of the present book if we discuss in detail this problem

here. It does not even belong to the sphere of my own
research. I will therefore limit myself to show only how this

problem could be solved if studied from our standpoint and
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under the application of our working method; I will therefore

exclude from this account all those elements which could be

too hypothetical.

The situation has become slightly better now because there

is hardly any living zoologist who would still be willing to

accept a suggestion to derive the Chordoma either from the

Nemertinea (Hubrecht, 1883), or from the Arthropoda of the

type of the Umuliis (Gaskell, 1895-1910, and Patten, 1912).

The interpretation which derives the Chordoma directly

from the Annelida (Dohrn, 1875; Semper, 1875-6; Minot,

1897; Delsman, 1922; and many others) finds recently less

and less acceptance, though earlier it was frequently put for-

ward; the interpretation itself was actually based on a fantastic

idea that had been proposed by Hilaire (1818). The same

interpretation (it is in reality only a minor hypothesis) has

recently been revived in a somewhat changed form, w^hen

the Oligomeria have been suggested as a possible starting

point of the evolution of the Chordoma. The Oligomeria

themselves, however, can easily be derived, as we have

already shown, from the polymerous Annelida. Yet even

within the limits of a general theory which derives the

Chordoma from the Oligomeria there exist several possibilities

which can claim various degrees of probability. There exist

therefore several interpretations of this kind which were sug-

gested, e.g. by Bateson (1884-6), Brooks (1893), WiUey (1894),

and Garstang (189^8) whose interpretation has been accepted

by Sir Gavin de Beer and recently by N. J. Berrill (1955) in

a special book he wrote on this subject.

I do not intend to begin here with a detailed analysis

of these hypotheses about the supposed annelidan-arthro-

podan ancestors of the Chordoma; we will agree on

this point with the critical discussion written by Berrill

(Berrill, 1955:2-5). I wish only to state that the peculiarities

which the Chordoma have in common with the Annelida

(for example the solenocytes, the close connection between

the sexual organs and the nephridia). These peculiarities have
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been discussed above all by Boveri (1892) and by Goodrich

(1902) and do not seem to disprove the interpretation that the

Chordoma did not developed directly from the ancestors of

the recent Annelida and that instead this evolution was

indirect, by way of the Oligomeria. This is how we can

explain the reactivation of certain elements in the Chordonia

while the same elements have been lost in the recent Oligo-

meria.

We can divide all the hypotheses which derive the Chordo-

nia from the Oligomeria into two groups. According to one

group of these hypotheses the Chordonia evolved from the

larvae of the Oligomeria, thus by way of neoteny; the second

group of these interpretations derives the Chordonia from

the adult forms of the Oligomeria. It is by no means rare

to meet the former type of interpretation. It corresponds to

the widely accepted method of solving various phylogenetic

problems by means of larval forms. Personally, I am not

a priori opposed to use neoteny in various phylogenetic spe-

culations. I myself have used the phenomenon of neoteny

twice when I tried to explain the origin of new animal types.

First, in connection with the suggested derivation of the

Ctenophora from the planktonic larvae of the polyclad Tur-

bellaria, and secondly, in connection with the derivation or

the Chaetognatha from the planktonic larvae of the Brachio-

poda. I am also firmly convinced that in several other cases

new forms, which emerged during the phylogenetic processes,

evolved by way of a neotenization. This type of development

has to be taken into consideration in connection with the

evolution of the Larvacea or Appendiculata, among the Tuni-

cata, and with the Proteidae, among the Urodela, etc.

Yet at the same time I think that we must not go too far

in this direction, and that we should use an explanation by

means of a neoteny in those cases where all the other types

of evolution appear as completely improbable. It has already

been mentioned how the numerous attempts that have been

made to interpret the origin of all possible groups by means
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of neoteny (or paedomorphosis) have been looked upon by

many zoologists with a considerable degree of, partly justified,

suspicion.

In connection with a derivation of the Chordata from some

larvae of the Oligomeria or even of the Tunicata, I again

think that such a derivation does not appear to be well found-

ed and that it can therefore claim little probability even if it

is not in principle impossible.

First, we will mention here the attempt made by Berrill

(1955), whose views from our standpoint must be considered

as completely erroneous. Berrill's derivation starts with the

planktonic larvae of the Tunicata which he calls tadpoles.

We must above all reject the usage of this word for the plank-

tonic larvae of the Tunicata. These larvae are a very specific

form which had been developed by the Tunicata and they have

nothing in common with the tadpoles of the Anura, with the

exception that they are both larval forms that occur in the

Chordata. The remote external similarities can be considered

as pure parallelisms.

In the Tunicata we can observe a process which we have

already frequently met in the Invertebrata, i. e. because of

their secondary transition to a sessile way of life, the Tunicata

developed in their ontogeny a planktonic juvenile form, a

larva. This certainly is a very illuminating phenomenon. Berrill

(1955 : 11) also considers that the Ascidia are "primarily a

primitive sessile, marine group of organisms." The Ascidia,

however, are considered quite generally and correctly, toge-

ther with the Tunicata, as lower Chordata which evolved into

secondarily sessile animals. The important problem of the

origin of the Tunicata is solved by Berrill very simply with

the following words, ".
. .which may or may not be related

to the hemichordates." It is quite natural that Berrill who
derives the Vertebrata from the planktonic "tadpoles" of the

Tunicata does not find it interesting to try to solve the pro-

blem ot the origin of these Tunicata. Yet what can be done

if we find that it is quite improbable that any new form had
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ever been able to evolve from the larvae of the Tunicata?

The important discovery made by Kowalewski who succeeded

in proving that the Tunicata, which nobody knew ho\^' to

place into the animal system, are in reality genuine even if

retrograded Chordoma, has again shown the phyletic signifi-

cance of these larvae. These larvae have been used as a

representative example which could prove the theory of

recapitulation. These larvae do indeed recapitulate or repeat

something which is not, however, the adult ancestral form

but only its ontogenetic stage that has also preserved numerous

characteristics of the adult ancestral form.

The whole organization of the Tunicata larvae is specific

and one-sided—we can mention here the fact that in them

the notochord occurs in the tail only, a body region which

had been newly developed by the Chordata— that there is

one form only which had evolved from them by way of

neoteny (similarly as has been the case with the Cteno-

phora and the Chaetognatha), i. e. the Larvacea, and nothing

else. This subtype of the Chordonia which exists as an onto-

genetic stage only points to an early existence of a general

type of the Chordata. BerriU (1955:3) good-humouredly men-
tions a statement regarding the book by Delsman that the

book should be confiscated and burnt; we can say on the

other hand about Berrill's book that it would be better if

it had not been published at all in spite of a number of sound

interpretations which appear in it, because of its basic idea

which is certainly wrong. The Vertebrata certainly did not

evolve from the planktonic tadpoles but rather from the

benthonic 'Vorm-like" Oligomeria.

Neither can we consider as fortunate those suggestions

which try to derive the Chordonia from the planktonic

larvae of the Oligomeria, or directly from the so-called

Ambulacralia (Echinodermata and Enteropneusta). Like the

larvae of the Tunicata, these are again very specialized larvae

of the Oligomeria which could serve, at the most, as a start-

ing point for the evolution of some other planktonic form
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of the Oligomeria, a development which in all probability

never actually took place. It could not be considered as a

case of neoteny if this larval form evolved into a new type after

its descent to the sea bottom, thus after a metamorphosis.

The Chordonia, if they evolved in this way, would have a

planktonic larva similar to the so-called dipleura. Something

of this kind, however, is unknow^n to us. The interest-

ing proposition made by Garstang to derive the central

nervous system and the endostyle of the Chordonia from an

immersion of ciliated bands of the Echinodermata larvae must

be considered as an entirely erroneous concept, as a purely

artificial construction. Where is here the origin of a secondary

metamerization, of the notochord, of gill slits, etc.? Such a

suggestion could perhaps be taken into consideration if there

were no longer any such animals as the Enteropneusta.

The adult Enteropneusta are comparatively less specialized than

the planktonic larvae of the Ambulacralia. It is therefore easier

to derive the Chordonia from the Enteropneusta than from

the planktonic larvae of the Echinodermata. Such a derivation

is also, therefore, much more probable. The suggestion that

the hypothetical immersion of ciliated bands could be the

starting point for the evolution of new organs is somewhat

similar to Krumbach's attempt to derive the protonephridia

from an immersion of the swimming plates of the Cteno-

phora.

Even less probable than a derivation of the Chordonia from

the planktonic larvae of the Echinodermata seems to be a

derivation of the Chordonia from some very ancient, armour-

ed, adult forms of the Echinodermata. Such a suggestion

was made by Gieslen (1930) on the basis of a comparison

between the carpoidal echinoderm Cothurnocystis eli^ae and the

Ostracodermata in which he took into consideration above all

their armour. Such a derivation does not seem to be much
better than is a derivation from 'Lifnulus. These are clearly

cases of parallelisms or similarities which are not based

on any closer relationships. Berrill (1955:5) has correctly
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criticized such interpretations, adding at the same time a very

proper observation that we must search for the origin of the

Chordonia much farther back in the geological past than in the

now extinct carpoidal Echinodermata and in the equally

extinct Ostracodermi, i.e. much earlier than in the Lower
Silurian. In my opinion the Echinodermata cannot be taken

into consideration as ancestors of the Chordonia either in

their larval forms or as adult animals. The Echinodermata

represent the largest and the most ramified branch that evolved

from the stem of the Oligomeria. Yet this branch ends blind-

ly, it did not lead to the evolution of a new subtype, and above

all it did not lead to the emergence of a new type : the Chordata.

The Probable Origin of the Chordonia

It is most probable that the Chordonia evolved as the most

recent and highest animal type from the Oligomeria. The
recent subtypes of the OUgomeria, however, in which we
can observe a greater or smaller degree of specialization

cannot be taken into consideration as possible ancestors of

the Chordonia ; they had in the meantime too long a geological

period at their disposal for their own evolution. It must

nevertheless be admitted that the Oligomeria which evolved

during this period in several directions, reached various levels

of organization, while at the same time the Chordonia also

went through a rich evolution which finally reached its climax

in the human species. There still exist some forms of the

Oligomeria which are similar to this early form. Animals

with radial symmetry which adopted the sessile way of life

became strongly simpUfied and their evolutions have ended

blindly, even in those cases when they secondarily readopted

free mobility, e.g. several groups of the Echinodermata

and several other groups of the Oligomeria. We find then

that there remain few slowly moving groups only, and even

among these we must exclude the tubicolous forms, especially
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the very specialized Pogonophora (together with the extinct

Graptolitha) as well as the Phoronidea. The only group which

therefore remains to be taken into consideration in connection

with our problem are the Enteropneusta. And even now
we can really find in the Enteropneusta the greatest number
of the so-called prophetic characteristics in spite of the repeated

specializations which they underwent "in the meantime." The
Enteropneusta move slowly yet they are nevertheless freely

moving animals, they usually burrow in the ground and they

have therefore an anterior part of the body which had evolved

much later in the Chordoma into the head of the Vertebrata

by way of a cephalization.

It is possible that the process which had taken place in

the evolution of the Chordonia was similar to the process we
have presupposed in connection with the evolution of the

Polymeria from the Ameria, and of the Oligomeria from the

Polymeria. The evolution of the new type started in all

probability somewhere close to the root of the next lower

type. In its evolution it had followed Watson's rule; it was

due to a "fortunate" combination of several characteristics

that had existed scattered in the next lower type and to the

emergence of new characteristics which led to the formation

of the new type under a simultaneous radical change in the

environment and in the way of life.

We must suppose (and we have good enough reasons to)

that something unusual had taken place in the period of

transition from the Oligomeria—from a primitive form of the

Oligomeria which is no longer preserved in recent animals

and which it seems had resembled most closely the present-

day Enteropneusta of all the recent Oligomeria— to the

Chordonia. The transition of an oUgomerous animal similar,

perhaps, to a Balanoglossus into a new animal form resembling

approximately the recent Amphioxus (Branchiostoma), or the

fossil Jamqytius, must have taken place in all probability in

the soft shallow ground of estuaries, or even in fresh water.

This supposition is based on the fact that Jamoytius, the most
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ancient fossil remains belonging to the Chordoma, has been

found in the sediments which had been deposited by fresh

water. The second necessary presupposition is that during

the phase of transition the ancestors of the Enteropneusta

which had evolved into the Chordoma had begun to move
more intensively as freely moving animals. This change was

probably connected with an adaptation of these animals to

a life in firmer and coarse-grained sand sediments after they

had left the soft mud and the fine sand. The incUnation to

swim which had never been completely lost, now became

reactivated. Simultaneously, we can observe a rich secondary

segmentation in the dorsal side of their oblong bodies which

had become strengthened due to these changes; this segmen-

tation had taken place above all in the body muscles and in

the nerve trunk which had already become extended along

the dorsomedian line. Other organs placed more or less

dorsally, as the previously uniform perigastrocoele, the gonads,

and the nephridia afterwards also participated in this segmen-

tation.

The consequence of the special type of swimming which had

been developed more and more progressively by the freely

moving Chordoma—wdth the exception of the Tunicata

which had secondarily returned to a sessile way of life—had

been a special new formation which had developed at the

end of their bodies. Here a new zone of growth emerged whose

consequence was a new body region, that of the tail. The
more active type of movement led to a progressive develop-

ment of the two systems which had been inherited from the

enteropneustan ancestors, the breathing system and the system

of blood circulation. The trend to develop folds in the region

of the breathing organs, which can also be observed in the

Enteropneusta, had been continued in the lower Chordoma
(the atrial cavity for the protection of the gill apparatus);

yet this cavity later became more and more retrograded in

fishes, etc., because of the completely freely swimming way
of life which these animals had adopted.
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The new type of movement of the primitive Chordoma

led to a formation of an elastic inner skeleton staff, the chorda

dorsalis. Numerous discussions have been conducted on

whether the so-called cephalochord of the Enteropneusta can

be considered as homologous to the genuine chorda dorsaUs^

or not. I think that these discussions are completely super-

fluous. The anterior outgrowth of the intestine which can

be observed in the Enteropneusta is certainly not a "noto-

chord" s.str., it is certainly not a chorda dorsalis. It belongs

to a group ot forms that had been developed by the intestine

and which appear repeatedly even if in various ways in the

Eumetazoa. These are the intestinal diverticulaewhich originally

have a lumen and which function as a periphery of the intes-

tine. The lumen is later lost, the diverticulae become solid,

and they change at the same time their function by their

development towards an inner skeleton. The best known
instance of this development are the tentacles of the Cnidaria

which had secondarily evolved into solid forms. In some

species we can even find that some other parts of the intestine

also evolve into an elastic inner skeleton (theT^bu/aria species).

Forms similar to the "cephalochord" of the Enteropneusta

can occasionally be found in the Turbellaria (Ax, 1957), etc.

(Fig. 33). During the ontogenies we can see the chorda

dorsaln developed from the ''plafond^^ of the intestinal Anlage,

and this can be clearly observed in the low^er Chordonia.

The "notochord" of the Enteropneusta and the chorda dorsalis

of the Chordonia originate therefore in one and the same

trend of the intestinal tube to develop first some "hollow"

outgrowths, i.e. outgrowths which have a lumen that later

becomes solidified. Here we are not interested in the sub-

sequent destiny of the chorda dorsalis in spite of its interest-

ing character. This chorda is stubbornly preserved and it is

recapitulated down to the end of the evolution even if it

does not have any function in the adult animals. Its Anlage

must clearly have an important morphogenetic function dur-

ing the ontogenetic development.
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This may be the best place to call attention to a fact which
has been, it seems to us, too much neglected till now. It is

well known that a planktonic larva appears during the onto-

geny of the Enteropneusta which is typical of these animals;

this is the so-called tornaria, one of those larvae that had
been developed by the Echinodermata and which have been

given various names. Zoologists have therefore considered

that there is a probability of a closer relationship between these

two groups of the Oligomeria. All these larvae, as w^ell as the

various planktonic larvae of the Ameria and the Polymeria

belong to the category of the primary larvae, as has already

been emphasized, i.e. they appear in a form with a lower

level of organization. Very frequently we can find the phase

of these larval forms transmuted from a freely living phase

of the development of an animal and incorporated into an

embryonic phase of the ontogeny. It should be sufficient if we
call attention here to conditions that can be observed in

those crustaceans that Hve in fresh water.

This tornaria can now be identified as the last primary

planktonic form of its kind. The institution of a primary

planktonic larva had been abandoned during the comparatively

short phase of the phylogenetic evolution w^hen the first

chordate evolved from its oligomerous ancestor. It was chang-

ed into an embryonic stage, a development similar to that

of the nauplius in the evolution of the crayfish (Potamobius),

among the decapod crustaceans. It seems easy to attribute this

change to a transition to a life in the fresh water; it is con-

sidered that a reduction of a freely living larval stage regularly

takes place when the animal relinquishes its Hfe in the

sea.

There are, however, some exception where this rule does

not seem to be valid (e.g. in connection with the Dreissensia

polymorpha, a species of bivalve molluscs which had probably

penetrated late into the fresh water, and with the phylac-

tolaematous Ectoprocta with their considerably changed larvae

that develop forms similar to cormi).
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The planktonic larvae had in all probability again been

developed after the animal had returned to a life in the sea.

Yet this planktonic phase of the ontogeny now reached

a much higher level of organization, and we are therefore

fully justified to speak here of a secondary larval form. Such

a larva shows the structure of a chordate, and not of an

amerous animal as is the case with the trochophores and

with the dipleurulae. It is wrong to see in the primary larvae

(the various trochophores and dipleurulae) a recapitulation

of an adult ancestral form; the same is also true for those

larvae of the Chordata that can be justly called tadpoles.

Viewed from this standpoint we must reject any attempt (e.g.

the attempt made by Berrill) to derive the Chordoma from

some kind of planktonic larvae. The evolution of the Larvacea

from the "tadpole" of the Ascidia belongs as a clear case

of neoteny in a completely different chapter.

A Comparison of the present Attempt to Derive the

Chordoma from an Ancestral Form Resembling the

Present Day Enteropneusta with the Similar Attempt

Made by Hans Steiner

Hans Steiner has also tried to derive the Chordoma from

the Enteropneusta in a very interesting study, Geschichte der

Initialgestaltung der Chordaten (1956) where we can find numerous

correct observations. In this study he takes into consideration

the comparative morphology and the way of life of these

animals. As regards the derivation itself there is a considerable

agreement between his and my interpretation; and in this

point Steiner therefore does not show in principle anything

new. There is, on the other hand, a great difference in the

way we interpret the evolution which led to the emergence

of the Echinodermata and of the Enteropneusta. Steiner tries

to suggest something which I must consider as completely

impossible, he correctly rejects the opinions proposed by
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Remane as well as all the other attempts to derive bilateral

symmetry from a radial symmetry with the "Coelenterata"

as the initial form of this evolution, and above all the attempts

to derive by means of the enterocoelic theory, a trimetamerism

from the gastral diverticula of a tetraradial polyp of the Cnida-

ria. At the same time he wishes to preserve the division of the

Eumetazoa into the Protostomia and the Deuterostomia, and

in this respect he goes so far that he tries to place this un-

fortunate bifurcation back into the "gastraea" stage (he com-
pletely disregards here the Spongiae as well as the Cnidaria

and the Ctenophora). Steiner has made here, I think, two
basic mistakes ; first, when he describes the youngest Metazoa

as animals that live in plankton, and, secondly, when he

interprets the larval forms as representatives of their adult

ancestors. Steiner took great pains to make probable the

early bifurcation of the two lines of evolution ; the Protostomia

and the Deuterostomia, and to provide this thesis with a

solid foundation. This attempt, however, must be consider-

ed as completely unsuccessful, similarly as has also been the

case with a not very different attempt made by Boettger.

His construction, the Neurenterica, is, I think, unable to

live.

Even the apparently fortunately suggested line of evolution,

plankton—benthos—nekton is unable to stand an objective

analysis. The benthos represents the starting point and the

main type of life from which both plankton and nekton

evolved.

It is also wrong to use the ecotypes, even as an auxiliary

method, in high taxonomy. All the main types of life (of

feeding), e.g. the predatores, turbellores, and the fossores

(according to Steiner), can be found as early as in the Protozoa

(the numerous benthonic Rhizopoda are fossores). In the

Metazoa they do not follow each other in the w^ay sug-

gested by Steiner. We can find in the Cnidaria all these types

of life represented perhaps with the exception of the burrow-

ing animals (ceriantharia) if we do not wish to consider as

30
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such the species that stick in the soft sea bottom, e.g. Branchio-

cerianthits giganteiis. There also exist, however, other types of

life which can be frequently met with and which have not

been taken into consideration by Steiner. We can mention here

the parasitic way of life (which can hardly be found among the

"Deuterostomia"), and the various types of movement and

feeding which can be observed in the benthonic animals (from

good swimmers such as the Cephalopoda and down to the

fully sessile animals that can be found above all among the

OHgomeria).

Steiner takes a correct attitude regarding the relation,

ontogeny versus phylogeny. He considers that the ontogenies

of the ancestral forms are only recapitulated in the ontogenies

of the recent species; yet at the same time we can frequently

find in his scheme of the genealogical tree pictures of larvae

instead of the pictures of the corresponding imago forms;

this gives an impression that the ancestors could be recapitulat-

ed in these larvae, as it these larvae could be a kind of repre-

sentatives of some ancestral forms. We also get such an

impression because Steiner simply transfers some purely

ontogenetic processes— such as the morphogeny of the spinal

chord by w^ay of a secondarily closed "feeding canal" which

finally leads to the formation of the canalis neurentericus and

neuroporus—into changes that take place during the adult

stage.

We cannot accept Steiner' s interpretation when he suggests

that the enterocoely and the triple metamery evolved as new
forms because of the burrowing way of life of the Entero-

pneusta. It Steiner had found a correct interpretation, then

there could be no homologies in the conditions of the coeloms

in the AnneUda and in the Echinodermata (the Protostomia

and the Deuterostomia). We must conclude that in spite of

all the endeavours made by Steiner to explain rationally these

differences, the idea of a branching of the Eumetazoa into the

two main lines of the Protostomia and the Deuterostomia still

remains highly improbable.
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Steiner does not mention my works which had appeared

before the publication of his treatise ; it is possible that either

he did not know them or that he did not consider them as

worthy of consideration.

The Genealogical Tree of the Chordoma

The mutual relationship connections that exist within the

phylum Chordonia among the tetrapod Vertebrata can now
be considered as sufficiently clarified; the same, however, can

not be said for the numerous lower groups of the Chor-

data, from the Acrania and up to the bony fishes. Since I

have not made my own researches in this field, I preserve

here the system of the Chordata that was suggested by

Vandebroek (1949) at the Xl^th International Congress of

Zoologists at Paris while at the same time I take into considera-

tion the progress which has recently been made in the field

of the paleozoology. If Tunicata had not existed we could

divide all the Chordonia into two superclasses, Pisces and

Tetrapoda; at the same time, how^ever, wx cannot recommend

a division of the Chordonia into three greatly unequal super-

classes, the Tunicata, Pisces, and the Tetrapoda. The term

Vertebrata which is generally so widely used, and which

will certainly continue to be used even if not as a taxonomic

notion, finds no place in the system proposed by Vande-

broek; neither can we find in this system the group Pisces

as a name of a class, or the Acrania and the Cyclostomata

(the former at least not as an independent class).

The Tunicata should definitively follow the primitive

Chordonia, the Agnatha. There can be no doubt that the

Tunicata must be considered as Chordonia which secondarily

adopted the sessile way of Hfe. It can be said that this was the

last opportunity the animals have had to develop a sessile

group with all the consequences which we have so frequently

observed in the whole animal world, beginning with the

30*
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Protozoa. The starting point of this evolution were the free

living primitive Chordonia which, however, had already lived

partly as sessile animals that burrowed slowly in the sea

bottom making stops from time to time, just as can still be

seen in Awphioxns. The Tunicata evolved in all probability

in the sea; they had developed their own larval form which

is slightly similar, as this has already been emphasized, to

the tertiary larva, to the tetrapodic tadpole. The entirely plank-

tonic Larvacea have been the only form which had ever

evolved from these larvae; they represent a small side branch

whose evolution led no further, just as in the case of the

Ctenophora.

The Ostracodermata represent a blindly ending side branch

of fish-like Vertebrata which, however, remained in the

benthos and became very specialized; they are now extinct.

Because of them the displaced comparison with IJmulus has

been attempted. It is very probable that the class Agnatha

(here in a very wide sense) w as followed by the Protichtya

with their two subclasses, the Acanthodea and the Arthrodira.

We know less about the sequence of the Chondrichthya and the

Osteichthya, whether they evolved in two parallel lines, or

one after the other.

The phylum Chordonia would thus include nine classes

(Fig. 59), the same number as the phylum Oligomeria

and the phylum Polymeria (quite "accidentally"); only the

first phylum of the Eumetazoa, the Ameria, must be sub-

divided into fifteen classes. The question remains open whether

all these groups which have been given the rank of classes

are really mutually equivalent. Thus, for example, such classes

that evolved in all probability by way of neoteny, as such

the Ctenophora, Chaetognatha, and the Larvacea, and other

classes as the Turbellaria, Mollusca, Polychaeta, Insecta,

Echinodermata, Mammalia, etc., to mention a few only.

The main emphasis, however, must not be placed on the

size of each group. A smaller number of subordinate categories,

down to the species, can be reached along widely different
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ways. The small size of a group can be due to the fact that

it evolved by way of neoteny (this is true for the Chaetog-

natha, Ctenophora and the Larvacea), or it is a consequence

of an ageing of the line of evolution and thus an indication of

a decaying phase which can finally lead to a complete extinction.

Mammalia

(Tetrapoda)

Chondrichthyes

Protichthyes ^^-.r] y
(Acanthodes+ /^•,Vi

Arthrodira) (Pisces]

Osteichthyes

Agnatha
Ostraco- _^.
dermata ^

Acrania

Tunicata

OUgomeria
(Enteropneusta)

Fig. 59. Genealogical tree of the phylum; Chordonia.

Such a case is probably represented by the Brachiopoda. The
small size of a group can also be a consequence of a hyper-

specialization, as is the case, for example, with the Pogo-

nophora.

The Genealogical Tree of the Entire Animal World

After we have constructed partial genealogical trees which

show^ the individual phases in the phylogeny of the animal

world we still have to bring them together and to construct
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a general genealogical tree (Fig. 60). The follow ing special

characteristics can be mentioned as typical of our construction

if compared with the numerous other similar attemps:

Chordonia

OUgomeria

Polymeria

Amena

Parazoa

Protozoa

Fig. 60. Genealogical tree of the entire animal kingdom; the

monograms used in these diagrams are explained in the list of
phyla and classes (see p. 460-61)

(1) Our genealogical tree begins with the animal Flagellata

which evolved on the one hand into the Rhizopoda, Sporozoa,

and the Ciliata, as well as (by way of the Choanoflagellata)

into the Parazoa (Spongiaria), and on the other hand (by way

of the Ciliata) into the Eumetazoa. The Parazoa evolved as

individualized colonies of the Choanoflagellata.
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(2) The Eumetazoa do not begin, as has been generally-

believed so far, with the two-layered Coelenterata, but rather

with the three-layered Turbellaria and are connected down-
wards with the primitive polynuclear Ciliata (the plasmodium

theory or the polykaryonic theory).

(3) The evolution of the Eumetazoa took place without

a bifurcation, thus in a direct line and by way of four main

phases or stages which should be classified as phyla: the

Ameria, Polymeria, Ohgomeria, and the Chordoma (actually:

secondary Polymeria). This whole evolution shows clearly

a progressive trend which, however, had gone through a

stage of retrogression during the phase of the Oligomeria.

The scheme of our genealogical tree shows therefore one top

only, and not two; in spite of this it must not be considered

as a revival of the old type of ''Fkhelle animaky

(4) The Mollusca have been treated in our study without

any hesitation as a class of the Ameria.

(5) The Cnidaria and the Ctenophora are derived from the

Turbellaria; they are therefore treated as classes of the Ameria.

(6) The Sipunculoida have been separated from the Anne-
lida, and thus from the Polymeria; they are now classified

among the Oligomeria.

(7) It has been suggested that the Chaetognatha had evolv-

ed by way of neoteny from the Brachiopoda.

Our first suggestion of the genealogical tree of the animal

world (Hadzi, 1944:179) is thus slightly modified now
(Fig. 60 and the list of the phyla and classes of Eumetazoa;

monograms in parenthesis). A mistake was made by the person

who made the drawing of my suggested scheme of the gene-

alogical tree as it was reproduced in my article published in

the Systematic Zoology (the starting point of the Oligomeria

line occurs at the top of the Polymeria line together with

the Insecta, and not, as it should, in the Annelida Hne). This

mistake was later corrected (Had^i, 1959b). It can be clearly

seen that this is a mistake of the draftsman only if we compare

this scheme with the sense of the text.
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Herewith we have also reached a welcome simplification

of the whole animal system and of the scheme of the gene-

alogical tree. This simplification can be clearly seen if we
compare our scheme with other schemes which are now
usually proposed. This simplification is purely a side result

of our research and it was not explicitly intended.

A List of the Phyla and Classes of Eumetazoa

PHYLUM

I. Ameria (15)

CLASSES
TURBELLARIA (T)

Cnidaria (Cn)

Ctenophora (Cph)

Trematoda (Tz)

Cestoda (C)

Nemertinea (Nt)

Rotatoria (Rz)

Gastrotricha (G)

KiNORHYNCHA (K)

Entoprocta (En)

Nematoda (N)

Nematomorpha (Nph)

Priapulida (Pz)

Acanthocephala (Ac)

MolluscA (M)

Annelida (Ann)

POLYCHAETA (Pch)

Clitellata (CI)

ECHIUROIDA (En)

IL Polymeria (8) Onychophora (On)

Crustacea (Cr)

Arthropoda (Arth) Chelicerata (Ch)

Myriapoda (My)

Insecta (I)
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III. Oligomeria (9)

SiPUNCULIDA (S)

Phoronida (Ph)

POGONOPHORA (Pg)

ECTOPROCTA (Ep)

Brachiopoda (Br)

Chaetognatha (Ch)

ECHINODERMATA (Ech)

Pterobranchia (Pt)

Enteropneusta (E)

IV. Chordonia (10)

ACRANIA (A)

Tunicata (T)

Agnatha (Ag)

Protichthya (Pi)

Chondrychthya (Ch)

OSTEYCHTHYA (Oi)

Amphibia (Am)

Reptilia (R)

AvES (Volatilia) (Av)

Mammalia (M)

(42) CLASSES

An Attempt to Unify the Animal System

There still remain numerous suggested systems even if we
disregard those suggestions which are now completely anti-

quated or clearly aberrant. There can be, however, one only

truly natural system. We still have a long way to go to reach

this ideal solution, even if we are coming closer to this ideal.

We can be helped here by new discoveries of some recent

species which have remained unknown till now, or of some

corresponding fossilized remains. New facts and ideas can
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also be obtained by way of more detailed investigations of the

already known animal species and of their ontogenies. Finally

new viewpoints and methods of research can also be found

useful, especially those offered by the biochemistry. All these

elements combined can help us essentially to improve our

present animal system. Even now we can see the important

progress made within this sphere if we divide all the available

systematic suggestions into two main groups, i.e. a larger

group of systems which proposes a bifurcation in the evolution

of the Eumetazoa, and a smaller group of systems where

such a bifurcation cannot be observed.

This state of affairs has been the main reason why I have

tried to make a corresponding suggestion before a competent

forum, the XlVth International Congress of Zoologists. At this

congress I (Hadzi, 1956a) proposed that a uniform systematic

scheme should be worked out which will be necessarily a

result of a compromise and which could serve well enough

in our practical didactic and operative work. Such a provisional

scheme reached as a result of a compromise must quite natural-

ly not prove to be an obstacle to our subsequent attempts to

establish a definitive natural system. The subsequent destiny

of my suggestion was entrusted to a special international

committee which is headed by a well known zoologist— yet

for reasons unknown to me this has been all that has been

done in this connection. A standardized system could also

serve as a basis for a review of all the valid animal names

w^hich was scheduled for publication at the occasion of the

XVth International Congress ofZoologists, to take place in London

(1958) simultaneously with a bicentenary of Linneus' work

Systema naturae.

Let us compare now two selected systems which can repre-

sent the two previously mentioned main groups. I choose

in this connection on one hand the system proposed by

L. H. Hyman (1948, part 1:38, cf. Fig. 61)— this system was

made, according to a statement by Hyman, partly with the

collaboration of Professor W. K. Fischer—and on the other
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Chordata

Arthropoda

MoUusca I .Annelida

Hemichordata

Echinodermata

Other
Sch/zocoela Echiuroidea

Nemertina
Trochophore /

// Platyhelminthes

^^^^^^
? ?

Primitive acbel f'latworms
I

BILATER/A

Asctielminthes

Ctenophora

Cnidaria

Planula

Porifera

Primitive medusa

l^esozoa

Ottier Protozoa

riagellata

Fig. 61. Evolutionary relationships of the animal kingdom. (After

Hyman.)

hand my own system. At first sight the differences be-

tween these two systems appear to be very great. We will

now try to show that these differences are not actually quite

so great, and that they can easily be overcome if only we
have a little tolerance and good will. I will therefore enumerate

here all those changes which can help us to overcome these

differences. Such changes are actually not quite so numerous.

In order to solve first major problems we must abandon

above all the two large groups of the Bilateria and Radiata

;

all the Eumetazoa are actually bilaterally symmetric animals,

and there remain the Cnidaria and the Ctenophora only as

members of the Radiata. The Echinodermata are quite cor-

rectly excluded from this group; there are few purely radially
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symmetric Cnidaria whose radial symmetry is actually a second-

ary phenomenon; the Ctenophora finally do not show a radially

symmetric structure at all. For reasons which we do not

wish to repeat here we should also abandon the division of the

"Bilateria" into the Protostomia and the Deuterostomia. This

is the change which will be least easily accepted and which

is at the same time also the most important one that has to

be made. All the remaining changes that must be made in

the diagram as proposed by Hyman have a minor character

only and they are actually "quite painless." First of all wx
must cancel in this system larval names (planula, dipleurula,

trochophore) because they do not belong in such a diagram

for reasons which we have sufficiently discussed. Furthermore

we must also omit the Mesozoa, a group w^hich is already

now accompanied by a question mark. This especially must be

done because we do not find indicated in the same diagram

the adequate categories of the Protozoa, Metazoa, and the

Eumetazoa, even if these groups are used in the linear

enumerations.

The "primitive medusa" which has really no justification,

must be abandoned as the initial form of the Coelenterata.

Neither should the Coelenterata be indicated as such (in the

enumeration they can appear together wdth the name Cnidaria,

thus with the exclusion of the Ctenophora!). We must also

cease to divide (this is actually not even done in the diagram

here discussed) the Eumetazoa (they are indicated here as a

"branch") into the Acoelomata, Pseudocoelomata, and the

Eucoelomata (they are all written with capital letters only);

the same should also be made with the division of the Eucoelo-

mata into the Schizocoela and the Enterocoela, a division

which is indicated once only ("other Schizocoela") and w^hich

is represented in the linear survey with numbers only. Such

a division does not correspond to the well know^n relationship

connections, a fact which is particularly true for the group

Schizocoela, yet it is also valid for the group Enterocoela

(e.g. the separation of the Brachiopoda from the Chaetognatha,
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^aderson, following the ideas of Hyman.
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the position of the MoUusca, etc.). If we represent the left-

hand main branch as a continuation of the right-hand main

branch—and this is actually the main change we have to

make—we must necessarily also make some other minor

changes in order to reach finally a clear separation of the

Ameria, Polymeria, and the OUgomeria.

All these differences appear even slighter if we simplify

the diagram proposed by Hyman in the way this was done,

for example, by Guthrie and Anderson (1957:219, Fig. 73,

Fig. 62), and if we do something similar with my attempt

to construct a genealogical tree of the animal world.

Thus it appears to me that in spite of the apparently great

differences of opinion which presently still exist regarding

the true course of the evolution of animals we will nevertheless

reach a general accord between all the zoologists in a not

very distant future. The spectrum has certainly become

now considerably narrowed. The main difference can be found

in the fact—which appears clearly in my discussion and in

my systematic survey— first, that I consider the Turbellaria as

the starting point of the whole evolution of the Eumetazoa,

and secondly, that I suggest that we must discontinue to use

in our taxonomic concepts the difference which is found at

the basis of the two groups, the Protostomia and the Deutero-

stomia; these two parallel lines of evolution must now be

abandoned. It will not be difficult to solve all the remaining

problems.
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Acanthocephala 78, 141, 147, 168,

395, 396, 397, 460

Acanthodea 456, 457

Acarina 272, 419, 423

Acellular state 356

Acnidaria 9, 19, 21, 78, 199, 227, 244,

324

Acoela 71, 139, 148, 172, 196, 210,

211, 223, 256, 271-277, 279, 281,

290, 291, 296-298, 301-304, 314,

315, 320, 321, 337, 368, 386

Acoelomata 78, 130, 227, 387, 390,

391, 464, 465

Acontiae 182

Acrania 296, 455, 457, 461

Actinea 89

Actiniae 73, 99, 168, 178, 183, 197,

223, 246

Actiniaria 101, 108, 117, 148, 149,

178, 179, 194, 206, 217, 228

Actinodactylus 70

Actinula 265

Aeginidae 152

Aequorea 64, 119

Agametes 283, 289

Aglaophenia 110, 220

Aglaopheniidae 159

Agnatha 455, 456, 457, 461

Alcyonaria 232

Allman 53, 111

Alloeocoela 148, 211

Alternation of generationes 153, 154,

215, 219, 242, 307

Alvarado 2, 26

Ambulacralia 445

Ameria 14, 21, 27, 40, 41, 52, 72, 86,

192, 195, 253, 266, 285, 346, 388,

390, 391, 393, 399, 400, 408, 412-

414, 417, 427, 429, 440, 448, 451,

458, 459

Amerous state 452

Amoebae 32

Amoebocytes 7

Amoeboid androgamet 297

Amoebosporidia 357

Amphibia 37, 457, 461

Amphioxus 56, 448, 456

Amphiscolops 316

An der Lahn 146

Anderson 465

Androconjugant 292

Androgametes 282, 284, 287, 288,

290, 292, 295, 307

Androgamont 283

Annelida 27, 32, 40, 41, 68, 123, 142,

212, 213, 251, 270, 296, 350, 384,

386, 390, 400, 401, 403, 405, 412,

415, 420, 424, 431, 432, 434, 437,

442, 454, 460, 463

Anoplocephala 58

Anthocaulus 154

Anthocodium 154, 238

Anthocyathus 154

Anthomedusa 10, 11, 67, 242

Anthophyta 49

Anthopolyp 98, 105, 112, 115, 116,

125, 147, 154, 164, 166, 180, 207,

226, 410
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Antho2oa 31, 71, 76, 87, 88, 90, 95-

97, 100, 101-108, 110, 113, 122,

123, 129, 130, 133, 149, 163, 166,

171, 172, 179, 183, 185, 190, 195,

197, 198, 202-206, 208, 209, 211,

212, 215-219, 223, 229, 237, 238,

243, 252, 254, 255

Antimeres 10, 59, 79, 186

Antipatharia 122, 183, 232

Anucleata 354

Apolemia 121

Aposcolecida 395

Appendiculata 349, 443

Aprocta 78, 241, 224

Apterygota 416

Arachnactis 263

Arachnoidea 384

Archaeocyathidae 31, 379

Archaeopteryx 68, 69, 348

Afchiannelida 400

Archicoelomata 426

Archihiston 212, 315, 317

Architomy 215

Aristotle 13, 73

Armohydra 51

Arthrodira 456, 457

Arthropoda 387, 412-417, 419, 437,

460,463, 465

Articulata 411, 412, 414

Artiozoaires 87

Aschelminthes 296, 389, 395, 396,

463, 465

Ascidia68, 174, AAA, 452

Ascon 7, 369

Asexual reproduction 153, 154, 213-

220, 258, 266, 278, 283, 294, 429

Aspidosiphon 433

Assymetry 134

Athecata 53, 237, 239

Atypical budding 218,

Ausserhoffer 211

Autotrophy 355, 356

Aves 457, 461

Awerinzew 363

Ax 174, 215, 450

Babic 217

Balanoglossus 174, 448

Balanophylia 170

Balfour 25

Baltzer 436

Barkley 354, 355

Bateson 442

Bathypelagic animals 141

De Beer, Sir Gavin 21, 23, 24, 33,

68, 82, 248, 300, 348, 442

Beklemischew 24, 78, 232, 244, 257,

271, 273, 274, 349, 366, 408, 411-

412, 414, 416, 425

Belar358

Benthonic life 10, 36, 48, 152

Berrill 174, 442, 444, 445, 446, 452

Bertalanffy v. 247

Bigeiow 221, 263

Bilateral symmetry 10, 14, 19, 22, 55,

102, 273, 344, 437, 453

Bilateria 85, 245, 270, 375, 380, 386,

411, 426, 463-465

Bilaterogastraea 103, 249, 250, 269,

404

Biogenesis 343

Bisexuality 282, 284

Bisymmetry 10, 102

Blastaea 26, 229, 248, 250, 322, 326,

327, 363, 364. 375

Blastaeadae 373

Blastoderm 1

Blastopore 434

Blastostyl 159

Blastozooid 217

Blastula 322

Boas 40

Bodonidea 361

Boettger 341, 394, 408, 453

Boloreroides 149, 219
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Boreohydra 151, 227

Bofner 76

Bougainvillea 64

Bougainvillinea 242

Boveri 443

Bowling 286

Brachiopoda 60, 196, 213, 296, 384,

408, 424, 427, 428, 457, 459, 461,

464, 465

Branchiocerianthiis 243, 454

Branchiostoma 56, 123, 448

Branchiotrema 438

Bresslau 81, 119, 120, 148, 169

Brien 122

Broch 93, 161, 220, 242

Broman 344

Brooks 21, 160, 442

Bryozoa 32, 253, 254, 260, 384, 401,

424

Bubalocerus 70

Bucal diverticulum 173

Bud communities 162

Biitschli 79, 87, 393

Caenogenesis 35, 38, 204, 205, 317

Calcarea 332,

Calceola 184

Calcispongiae 3, 370

Calcoblast 196

Calkins 286

Calycophorae 161, 220

Calycozoa 234

Calyptoblastea 242

Campanopsidae 239

Campanularia 31, 92

Campanulariidea 242

Canalis neurentericus 454

Capitata 242

Carcinonemertes 147

Cardiocoele 388. 398

Carlgren 168

Carmarina 123

32

Carpohothrium 58

Carter 24, 41, 274, 350, 380, 383

Carybdaeidea 234

Cassiopea 157

Catenulidae 169

Caulerpa 307, 316, 330

Caulus 117

Cellularity 309

Cellularization 197, 229, 295, 299,

305, 309, 367

Cephalochord 450

Cephalization 132, 172, 418, 448

Cephalopoda 49, 392, 394, 454

Cerehratuhis 200

Ceriantharia 101, 108, 148, 184, 194,

198, 206, 208, 209, 217, 231, 232,

264, 453

Cerianthula 264

Cerianthus 184

Cerinula 209, 263, 264

Cestoda 57, 72, 147, 192, 244, 346,

392, 395, 405, 460

Chaetognatha 60, 269, 270, 349, 384,

390, 426-429, 437, 438, 443, 445,

456, 459, 461, 463-465

Chaetopterus 419

Chatton 203, 222

Chelicerata 412, 416, 417, 423, 460

Chester 115

Chilopoda 416

Chlorella 222

Chlorohydra 224

Choanocyte 7, 327, 369

Choanoderm 3

Choanoflagellata 5, 6, 7, 308, 311,

331-333, 363-365, 370, 458

Chondrichthya 456, 457, 461

Chondrophora 67, 141, 160, 266

Chorda dorsalis 13, 173, 174, 180,

441,450

Chordata (Chordonia) 14, 56, 67, 68,

107, 142, 167, 173, 192, 346, 349,

390, 437-459, 461, 463, 465



486 INDEX

Chordonoid tissue 174

Chrysaora 108, 206

Chrysomonadida 361

Chun 18, 161

Cilia 52-54, 273

Ciliata 62, 277, 281, 284, 285, 287,

288, 290, 303, 315, 358, 360-364,

367, 368

Ciliate rosette 143, 144,

Ciliation 276, 280

Ciliophora 300

Cirripedia 417, 423

Cladocoryne 63

Cladogony 214, 221

Cladomma 63

Clark 124

Claus 25, 121, 168

Clava 92

Cleavage 7, 35, 206, 207, 279

Clitellata 412, 415, 460

Cnidae 9, 12, 66, 190, 191 ff.

Cnidaria 1, 8, 12-16, 19-21, 23-27,

30, 31, 38, 39, 44-47, 50, 51, 56,

57, 61-63, 66, 68, 70-75, 77-81 ff.

Cnidoblast 191, 202

Cnidocil 202

Cnidocyte 112, 114, 121, 199, 203

Cnidoid 203

Cnidom 202

Cnidosporidia 72, 199

Cnidotrichoapte 200

Coelenterata 1, 2, 4, 5, 8, 9, 21-23,

25-27, 46, 75-79, 86, 100, 145 ff.

Coelenteria 393,425

Coelhelminthes 395

Coeloblast 12, 212

Coeloblastula 205, 207, 322

Coelocoela 26

Coelom 25, 270, 319, 325, 374, 385,

386, 392, 454

Coelom blood 436

Coelomata 23, 26, 76, 78, 85, 102,

137, 227, 244, 249, 252, 253, 256,

372, 375, 376, 380, 383, 384, 386,

387, 408, 409, 411 ff.

Coeloplana 85, 143

Coelothelium 251

Cocnenchynmc 217

Coenobium 306, 308, 311

Coenosarc 219

Coenothecalia 232

Colonial theory 284, 335 ff.

Colony 308, 330, 387

Colosi 174, 376, 390, 397

Colloblast 12

Comatula 261

Compartmentalization 304

Comstock 416

Concha 170

Conjugant 295

Conjugation 280, 281, 286, 288, 289,

291, 294, 305

Copulation 146, 280, 286, 287, 303

Copulatory organs 145 ff.

Corbula 161

Cori 41, 141, 408

Cormic organs 111

Cormidium 110

Cormobiouta 355

Cormogony 116, 234

Cormophyta 309

Cormus 104, 109, 195, 219 330 ff.

Cormdaria 158, 233

Coronal muscles 118, 124

Coronata 235

Coryninae 242

Cothurnocystis 446

Craspedacusta 241

Craspedomonadida 308

Craspedotella 66,67

Crustacea 44, 413, 416, 419, 451, 460

Cryptomedusoid 92

Ctenaria 10, //, 80, 165

Ctenophora 8-22, 25-27, 44, 57,

59, 60, 63, 66, 70, 75-86 ff.

Cubomedusae 188, 234, 235
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Cuenot 95, 353, 361, 366, 377, 378

421, 422

Cutries 202

Cuvier 56, 74, 86, 411

Cyclomery 253

Cyclosis 278, 373

Cyclospora 283

Cyclostomata 455

Cydippe stage 269

Cystoflagellata 356

Cytoidea 357, 358

Cytomorpha 357, 358

Cytopharynx 138

Cytostome 138, 278

Cvtozoa 358

D'Ancona 87, 228

Darwin 260

Darwinism 74, 349

DawydofT 9, 17, 18, 134, 212

Degeneration 45, 97, 367

Delagel,3,78, 91,233,331, 371, 425

Delamination 206

Delsman 442, 445

Deltoid muscle 218

Derosomes 426

Deuterocoelomata 390

Deuterostomia 78, 325, 341, 369,

378, 381, 390, 408-411, 422, 423,

425, 426, 453, 454, 463

Diaphragma 239

Diblastica 26, 112, 353

Dichotomy 408, 413

Dicoryne 53, 194

Dicyemida 346, 366, 367

Didermique 26

Digestive system 163, 189

Dileptus 301

Dimorphism 109, 218, 279, 289, 291,

Dinoflagellata 65, 199, 203, 330, 355,

356

Diphyes 203

32*

Dipleurula 452, 463. 464

Diploblastica 75, 78, 324, 374,

384

Diplopoda 416

Discophora 234

Discomedusae 234

Disconanthes 161

Diskyneta 77

Dissipiment 420

Dissogony 44

Dobell 276, 356

Doflein 357, 358

Dogiel 62, 78, 139, 282, 294, 320, 357

Dohrn 442

Dollo's rule 51, 53, 94, 95, 115, 141,

144, 295

Dougherty 361

Dreissensia 451

Dudich 78

Dyctylactis 209

Eberl 3

Echinodermata 10, 56, 61, 63, 74, 87,

104, 127, 184, 244, 261, 296, 393,

425, 427-429, 437, 445-447, 451,

461, 463, 465

Echinoidea 438

Echiuroidea 41, 296, 400, 414, 415,

420, 424, 431, 433, 460, 463, 465

Ecterocoelia 251, 325, 400, 402

Ecterocoelic state 423

type 403

Ectocarpa 112, 182

Ectocyte 140, 197

Ectocytium 128

Ectoderm 116, 117, 323, 324, 328,375

Ectoepithelium 140

Ectoparasitic animals 257

Ectoplasmodium 317

Ectoprocta 123, 194, 214, 253, 254

264, 312, 420, 424, 427, 428, 433

439, 461
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Edwardsia 168

Eimer 125

Eleiitberia 62, 150, 152

Emunctorial organ 137, 278, 387

Enantia 195

Enantiozoa 1, 3, 78, 331, 334

Endocarpous gonad 184

Endocyt 314

Endomyxis 290

Endoparasitism 275, 285, 354, 367,

405, 417

Endoprocta 123, 141, 147, 194, 195,

253, 260, 266, 342, 373, 389, 390,

395, 400, 417, 460

Endosymbiosis 223

Endosymbiotic algae 222

Enterocoel theory 249, 250, 253, 400

Enterocoelia 103, 325, 400, 409, 464,

465

Enterocoelic state 386, 402, 410, 423,

425, 440, 454

Enteropneusta 173, 296, 425, 429,

430, 438, 439, 445, 446, 448-452,

454, 457, 461

Enterozoa 78, 372

Entocarpa 112, 181, 184, 185

Entodiniomorpha 295

Entomesoderm 39, 212

Entomostraca 417

Entoplasmodium 317

Entoprocta 14, 68

Ephyra 149, 157, 260

Ephyropsidia 149

Epineura 376

Euchlora 9, 12, 66

Euciliata 97, 138, 192, 215, 222, 228,

286, 301, 302, 362

Eucoccidium 314

Eucoela 271

Eucoelom 41

Eucoelomata 253, 389, 409, 424, 464,

465

Eudendrium 92, 160

Eugrcgarinida 290

Eugfmnanthea 91 , 237

Eumedusoid 92

Eumetazoa 1-4, 21, 23, 41, 78, 128,

129, 138, 143, 144, 149 ff.

Euploies 297

Euprocta 244, 395

Evolutionary mechanics 35

Exconjugant 290

Excretory system 137

Excretory-emunctory organelle 138

Extremities 413, 441

Exumbrella 15

Faurot 178

Faussek 387

Fecampia 168, 253

Filifera 242

Fischer W. K. 462

Fission 50

Flagella 52

Flagellata 4, 7, 26, 32, 56, 62, 96,

144, 206, 214, 228, 248, 278, 285,

286, 299, 302, 317, 322, 331, 333,

357-364, 458, 463, 465

Flemming 212

Foraminifera 307

Fossores 453

Fragmentation 215

Franz 383

Franzen 296

Fundamental biogenetic law 25, 33,

37, 38, 204, 250, 252, 255, 260,

275, 279, 335, 339, 342, 383

Fungia 71, 105, 106, 154, 155, 156,

215

Ga/eo/aria(latva) 263

Gametes 33, 151, 282, 283, 285-288,

299,305

Gametocytes 150, 277, 284, 299, 305
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Gametogenesis 33, 286, 305

Gamont 283, 284, 290, 291

Gardiner 212

Garstang 21, 34, 162, 204, 260, 442,

446

Gaskell 442

Gastraea 5, 7, 25, 38, 80, 96, 104, 111,

183, 205, 229, 248, 264, 323, 375,

453

bilateralis 250

theory 249, 250

Gastraeadae 26, 78, 87, 323, 331, 373

Gastrobionta 326, 355, 372

Gastrohlasta 216, 217, 221

Gastrocoel 402

Gastropoda 56, 65, 204, 213, 394

Gastrotricha 147, 198, 253, 254, 395,

396, 438, 460

Gastro-vascular system 164, 179,

182 ff.

Gastrozooid 162

Gastrula 206, 207, 327, 369, 373

Gastrulation 373

Gelei 276, 321, 328

Gemmatio 50

Genealogical tree 270-338, 376, 377,

380-383, 384, 412, 422, 454, 455,

457, 458, 465,

Genital system 145 fF.

Georgevitch 212

Gephyrea chaetophora 424

Germarium 147

Gerould 435

Gessner 376

Gieslen 446

Giljarov 417

Glaucoma 286

Goette 80, 93, 96, 167, 183, 189, 234

Goette-Miiller's larva 210, 263

Goldfuss 357

Golfingia 435

Golian 397

Gonactinia 105, 153, 215

Gonads 44, 117, 149, 150, 181, 184,

389, 392

Gonangia 160

Gonionemus 109, 241

Gonochorism 147, 149, 284, 286, 292

Gonocoel 387-389, 398, 399

theory 249, 388

Gonocyte 112

Gonophore 160

Gonosoma 153, 161

Gonothyrea 92, 160, 263

Goodrich 443

Gordiacea 390, 406

Gorgonaria 232

Graff 25, 140, 167, 168, 196, 223, 271,

274, 277, 299

Grammaria 92

Grant 371

Graptolitha 431, 448

Grasse 359-361, 378

Gregarinida 283

Grobben 274, 408, 424

Grontved 6

Groselj 125, 130, 135

Guthrie 465

Gymnoblastea 242

Gymnoblastiques 242

Gynocaryon 292

Gynogametes 282, 284, 285, 287,

290, 293, 295

Gynogamont 283

Gyratrix 315

Haacke 99, 246

Hadzi 5, 12, 18, 22, 23, 29, 52, 53, 65,

81, 82 ff.

Haeckel 7, 25, 33, 34, 37, 75, 80, 103,

165 ff.

Haeckelia 18, 66

Haemocoel 388, 399

Haimea 108
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Halammohydra 53, 54, 94, 194

Ha/an/bus 237

Halcampia 168

Halcampogeton 168

Haleciella 237

Haleciidae 221, 239

Ualecitim 220, 221, 226

Haleremita 241

Haliclistus 124

Halicornaria 110

Halistemma 121

Hall 281, 358, 359

Halocoryne 63

Hanson 24, 271, 279, 286, 300-305

Hanstrom 128, 129

Hardy 21, 85

Harms 7, 78

Hartmann 282, 284

Haswell 70

Hatschek 25, 41, 260, 357, 367, 376,

387. 408, 409, 424, 436

Hehella 187,237

Hebellidae 160, 239

Heberer 383

Heider 80, 176, 322

Heliozoa 289, 359

Helix 289

Hemichordata 178, 444, 463, 465

Hemimyxis 290

Heric 167

Hermaphroditism 145-149, 167, 271,

284-286, 288, 289, 291-293, 296-

299, 304, 320, 328

Herouard 91, 233, 425

Hertwig's 25, 112, 125, 126, 168, 184

Heteraxonia 376

Heterocyclic division 280, 289, 297

Heteromedusoid 92

Heterotrophy 353, 356, 360

Hexacorallia 122, 217, 231, 232, 246

Hexactiniaria 100, 109, 122, 231, 242

Hexapoda 416, 417

Hilair 442

Jlincks 242

Hirsch 277

Hirudinea 116, 401, 415

Hofstenia 148

Hologamous isogamy 222

Holophryidae 305

Holotricha 302

Horridge 134

Horvath 298

Houssai 393

Hubrecht 442

Huxley Th. 112, 369, 411

Hydra 2, 7, 9, 44, 92, 96, 107, 114-

116, 124, 126, ff.

Hydranth 150, 187, 219, 238

Hydrocaulus 117

Hydrocoelomata 390

Hydrocorallia 196

Hydroctena 9, 15, 77, 18, 81, 134

Hydroidea 53, 89, 93, 101, 107,161,

195, 236, 312 ff.

Hydromedusa 10, 17, 64, 78, 81-83,

89, 90, 92, 93 ff.

Hydropolyp 118, 160, 166, 175, 178,

226

Hydrorhiza 123, 131, 133, 136

Hydrosoma 117, 121

Hydrotheca 220, 238

Hydrozoa 8, 31, 52, 71, 72, 75, 87, 88,

91, 93, 95-97 ff.

Hydrula 265

Hyman 24, 25, 74, 78, 81-83, 89, 90,

92, 93, 100, 101 ff

Hypercellular state 305, 356, 357, 358

Hypermastigida 62, 299, 362, 368

Hypogenetic development 17, 44,

210, 218, 219, 230, 236

Hypolitus 108

Hyponeuria 409

Infusoria 52, 54, 57, 140, 169, 274,

276, 278, 279 ff.
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Insecta 456, 460

Internalization of gametogencsis 286,

293, 328

Interstitial cells 12, 112

Intestinal diverticules 12, 13, 14

Invertebrata 444

Isogamy 282

Ivanov 404

Jagersten 2, 5, 26, 101, 103, 246,

248-252 ff.

Jawqyfius 441, 448

Jennings 289

Kaestner 100, 196, 231, 243, 246, 414

Kamptozoa 123, 141, 253, 260, 264,

401, 415

Kemna 365

Kepner 200

Kinetids 286

Kinorhyncha 395, 396, 460

Kleinenberg 115, 125

Kleptocnide 12, 66, 191, 199, 204

Kofoid 203

Koinocystis 315

Komai 143, 149, 235

Komori 219

Korschelt 176

Kowalewski 36, 178, 445

Krasinska 123, 187

Kriiger 200, 203

Krumbach 79, 81, 137, 234, 246, 393,

425, 446

Kudo 281

Kiihn A. 189, 212, 242

Kuhn O. 98, 100

Kukenthal 81, 100, 175, 196, 246, 393

Laceration 215

Lackey 6

'Lajoea 160

L^afoeina 237

Lamarck 74, 86

Lamarckism 34

Lameere 363, 425, 428, 437

Lamellibranchiata 213

Lang 82, 85, 140, 424, 431

Lankester 25, 26, 112, 205, 372

Lar 63

Larvacea 443, 452, 456, 457

Laubenfels 24, 110

L'echelle animal 345, 349, 380, 459

Leloup 162

Lemche 42, 349, 393, 394

L,emna 49

Lendenfeld 2

Lengerich 152

LenhofF 122

h.eptodiscHs dd, 67

Leptolida 206

Leuckart 7, 8, 25, 73, 103, 161, 164,

244, 331

Levi 3

Uctorella 160, 161, 220

Lilly 334

Limnomedusae 240

Umulus 416, 442, 446, 456

Uneus 200

Living fossil 30

Lohner 140

'Loxosoma 214

'L.ucernaria 124, 193

Lucernariidae 88, 91, 123, 149, 158,

193, 218, 233, 234, 235

Luther 178

LwofF 305

MacBride 82

Macroconjugant 291, 292

Macroevolution 45

Macrogamete 282

Macrogamont 289
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Macronucleus 287, 289, 293, 297,

298, 302, 303

Macrophagy 169, 419

Madreporaria 31, 32, 98, 105, 154,

170, 215, 223, 232

Magosphaera 322

Mammalia 456, 457, 461

Manubrium 114, 124, 151,171, 172

Marcus 41, 246, 254, 267, 270, 332,

333, 342, 401

Marinelli 378

Martin 204

Mastigophora 361

Mating type 291

Matjasic 192, 256, 257

Medusae 50, 52, 71, 73, 89, 127, 133,

189, 194, 209

Medusochloris 66, 67

Medusoid 92, 103, 131, 156, 161

Medusom theory 93

Meiosis 283, 284, 286

Meixner 200, 376

Mesenchyme 112, 128, 181, 251, 368,

398

Mesenteries 148, 175

Mesoderm 117, 118, 121, 252, 264,

318, 321, 324, 328, 353, 385, 403,

425

Mesogloea 112, 117

Mesohyl 13, 112, 150, 198, 219, 264

311, 328, 353, 375

Mesoplasmodium 317

Mesozoa 87, 275, 313, 366-368,

463-465

Metabionta 312

Metagastraea 89

Metagenesis 88, 151, 155, 266

Metamerism 41, 64, 229, 251, 391,

Metamorphosis 37, 39, 208, 261, 262,

264, 266, 269, 311, 341, 419, 446

Metanephridia 142, 392, 430, 436

Metaphyta 294, 319, 326, 329, 331,

334, 354, 355, 372, 373

Metasoma 432

Metazoa 5, 7, 25, 38, 49, 54, 55, 87,

102, 103, 142, 205, 229, 251, 269,

307, 323, 331, 334, 350, 358,

391 ff.

Metschnikoff 1, 25, 26, 82, 85, 205,

206, 263, 331, 369

Microconjugant 291, 292

Microgamete 282

Microgamont 289

Microhydra 24 i

Micronucleus 288, 289, 297, 298, 303

Microphagy 169, 170, 188, 419

Microstoma 200

Microstomidae 169

Micrura 200

Migration of cnidocytes 203

Miles 107

Millepora 91

Milleporidae 196, 241

Minchin 358, 359

Minot 442

Minyidae 104

Miyashima 125

Mollusca 21, 41, 54, 65, 66, 72, 134,

137, 148, 168, 196, 198, 212, 285,

296,384,388,390,392-395,413 ff.

Molluscoida 390, 424

Monera 354

Monobrachium 63

Monobryot(pon 107, 214

Monocaryonic state 283, 305

Monocellular state 283, 307, 330,

357, 365, 402

Monodiscal strobilation 157

Monophylly 349, 351

Monopodium 162

Alonoxenia 108

Morea 248

Morphogenetic technique 374

Morula 208, 322

Mosaic theory 300, 302
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Mosaic-like evolution 68

Moser 93, 94

Moskovski 306

Miiller H. A. 24, 353, 378, 379, 422

Miiller's larva 20, 21, 82, 83, 269

Mycale 334

Mycetozoa 38

Myoneme 278

Myrientomata 416

Myriopoda 412, 416, 417, 419, 460

Myriothelidae 209

Mjxobolus 199

Myxocoel 387, 390, 401, 419

Myxomycetes 356

Myzostomidea 412, 415

Nephrocoel 387, 388, 399

Nephrocytes 143

Nerve-net 126

Nervous system 126 flf.

Neurenterica 453

Neuromerism 432, 434

Neuro-muscular-epithelial cell 115

Neuromyaria 378

Neuroporus 453

Noctiluca 355, 356

Notochord 450

Nuclear dimorphism 305, 385

Nummulites 307, 368

Nutation 111, 116

Naef89, 250, 356

Narcomedusae 12, 15, 17, 18, 54, 66,

72, 88, 92-95, 152, 209, 221, 263,

265, 266

Natural selection 135, 140

Nauplius 36

Nausithoe 108, 117, 149, 151, 185,

186, 206, 235

Nectocalyx 266

Necton 453

Nematoblast 191

Nematobothrium 58

Nematoda 52, 57, 196, 395, 396, 460

Nematoderma 129, 196

Nematoidea 142, 297, 298

Nematomorpha 392, 395, 396, 460

Nemertinea 65, 66, 141, 191, 200,

250, 253, 254 fF.

Neocoelomata 426

Neodarwinism 28, 347 ff.

Neopilina 42, 393, 394

Neoteny 19, 21, 23, 49, 94, 274, 348,

349, 418, 443 ff.

Neoturris 123

Nephridial organ 139, 141, 142, 144,

389, 392, 449

Obelia 64, 133, 187

Ocellatae 134

Octactiniaria 108, 109, 122, 218, 231,

232, 238, 242

Octocorallia 158, 194, 196, 206, 231,

232

Oesophagostomum 58

Okada 219

Oligochaeta 415, 418

Oligomeria 14, 41, 64, 87, 142, 167 ff.

Oligomerization 10, 62, 64, 122,

139 ff.

Oligophyly 349, 350

Olynthus 7, 369, 370

Ontogenetic mechanism 319

Ontogenetic technique 35

Ontogeny 209 ff.

Onychophora 390, 412, 413, 415-419,

460

Oogamy 284, 286

Oozooid 108, 162

Opalinata 362

Opalinidae 285, 298, 362, 368

Oparin 359

Ophiuroidea 57, 87

Ophryoscolecidae 294, 295, 297
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Opistotrichium 291

Ordovicium 185

Orthogon 128

Orthonectoida 366, 367

Osteichthyes 456, 457, 461

Ostracodermata 446, 456, 457

Ostroumovia 108

Otohjdra 51, 9

J

Otomesostoma 314

Paedogenesis 39

Paedomorphosis 444

Palaeostraca 416

Palintomy 361

Palwenia 169

Palombi 91, 237

Pantin 127, 130

Parabronema 58

Parallelism 65, 440

Paraphamstoma 140

Parapodia 270, 420

Parasitism 46, 192, 253, 339, 366,

454, 391

Paratomy 215

Parazoa 1, 2, 4, 8, 331, 337, 350, 362,

368,371 fF.

Parenchyma 314

Parenchymatosa 390

Parenchymella 25, 26, 205, 365

Parthenogenesis 290, 293

Patten 442

Paucinucleata 312

Paurometamera 393

Pauropoda 416

Pax 24, 99, 100, 149, 175, 246

Pears 243, 244, 366, 389, 414

Pecten 135

Pegantha 11\, 263 (larva)

Pelagia 137

Pelagic zone 48

Pelagothuria 428

Pennaria 5i, 91, 110

Pcnnatulacea 109, 232

Pentacrinus 261

Pentamery 184

Pentastomida 413, 417, 419, 423

Pericardium 430

Periderm 107, 109, 195, 199, 233

Perigastrocoel 25, 26, 41, 130, 164,

249, 270, 392, ff.

Perineura 376

Perrier 78, 86, 87

Person (subindividuum) 116, 154,

312,370, 405

Petrunkewitch 24

Peysonell 74

Phallonemertes 147

Pharynx 163, 183 ff.

Phascolion 433

Phoronoidea 405, 427, 429, 431, 433,

439, 448, 461

Photosynthesis 354

Phylembryogenesis 42, 44

Phylogeny 29, 35, 44, 52, 114, 185,

204 ff.

Phyta 354

Phytoflagellata 49, 355, 356, 359

Phytology 356

Phytomonadida 365

Phytoplancton 48

Phytozoaires 86, 87

Pilidium 43

Pinacocyte 7

Pinacoderm 3

Pisces 455, 457

Placula 25

Planaria 215, 314

Planctonic way of life 10, 49j

60, 261 ff.

Planea 276

Planula 25, 38, 39, 80, 89, 158, 193,

206, 207 ff.

Planularia 367

Planulozoa 367

Plasmodial state 309, 311, 314-318
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Plasmodial theory 278, 384, 459 ff.

Plasmodium 197, 212, 276, 288, 313,

361

Plasmodroma 358

Platjctena 85

Platyctenea 22

Platyhelminthes 78, 82, 137, 252,
.

258, 270, 285 ff.

Pleurostomous Gymnostomes 301

Plumularia 220

Plumulariidae 110

Pneumatophorae 161

Pneumatophore 161, 162, 198, 312

Podaxonia 408, 425

Podoeorjne 64, 159, 160

Podocyst 107, 158, 214, 218

Pogonophora 4, 168, 427, 429, 439,

461

Polycellular state 330, 368, 370, 402

Polychaeta 135, 334, 403, 412, 413,

417, 456, 460

Polychoerus 212, 223

Polycladida 14, 22, 54, 71, 81, 82,

85, 140, 148, 195, 263, 338, 352 ff.

Polycnidom 203

Polydiscal strobilation 218

Polyenergetic 72

Polygordius 40

Polykaryonic state 294, 307, 309, 361

Polykaryonic theory 284, 290, 313,

329, 335, 386, 459

Polykrikos 65

Polymastigida 62

Polymeria 27, 52, 137, 257, 346,

388, 391-393, 399, ff.

Polymeric state 397, 405, ff.

Polymerization 9, 11, 63, 64, 142,

148, 170, ff.

Polymetamera 393

Polymorphismus 70, 109, 110, 153,

161, 214, 218, 236, 312, ff.

Polyp 189, 209

Polyphyly 349, 350, 351, 354

Polypodium 216

Polypomedusa 123

Polysegmented state 405

Polystylophora \1A

Porifera 78, 79, 322, 371, 463

Porus excretorius 138

Postgamous division 289, 290, 336

Potamohius 451

Pouchetia 65

Praedatores 453

Praegamont 284, 287, 289, 294

Praesoma 432

Priapuloidea 296, 396, 397, 426, 460

Proacoela 308

Prochorda 180

Prociliata 321, 375

Poeumetazoon 273

Progamous division 291

Progressive evolution 45, 75, 98,

103, 111, 167, 259, 271, 329, 414,

449

Pronucleus 288, 289, 305

Prorhabdocoela 258

Prorhynchus 120

Prorodon 200

Prosopygia 415, 424, 425

Protandry 148

Protaxonia 376

Proterospongia 6, 7, 308, 322, 333

Proteidae 443

Protichtya 456, 461

Protista 33, 65, 66, 103, 138, 281,

282, 319, 329, 355

Proteus 348

Protobionta 355

Protociliata 285, 320, 372, 375

Protocoelomata 390

Protocytoidea 356

Protohydra 151, 216, 211

Protomonadina 361

Protonephridia 22, 137-144,

328, 387, 390 ff.

Protophyta 65, 227, 354, 360, 363
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Protosepta 98,

Protostomia 78, 271, 390, 378,

381, 408, 410 ff., 463

Protozoa 5, 23, 49, 52, 54, 56, 67

96, 149, 222, 258 ff.

Protracheata 412, 416, 419

Protrochophora 38,

Protrochula 81

Przibran 224

Pseudocerops 386

Pseudocoela 386, 389

Pseudocoelomata 64, 389, 465

Pseudogastrula 322

Pseudometamerization 64

Pseudoplexaura 115

Pseudopodia 359, 360

Pterobranchia 173, 427-429, 438,

461

Pterocorallia 32, 98, 185

Pycnogonida 416

Pycnothrix 159

Pyrosoma GG, 67

Quinet 95

Radial symmetry 10, 19, 99-101,

135, 182, 273, 344 ff.

Radialia 78, 100, 222, 244, 245, 344,463

Radiata 56, 73, 87, 185, 273, 344,

437, 447 ff.

Radiolaria 49, 60, 61

Rajkov 304, 305

Rakovec 264

Ratarula 162, 266

Recapitulation 25, 34, 96, 186, 205,

260, 264 ff.

Regeneration 272, 429

Regressive evolution 45, 110, 112,

116, 122

Reisinger 6, 81, 88, 120, 128, 257

Remane 2, 5, 24, 25, 26, 53, 66, 94,

107. 166. 247 ff.

Remanella 301, 303

Reniers-Dccoin 122

Renovation 195, 219, 220

Repetition 440

Reptilia 457, 461

Retrogressive development 126, 132,

136, 140, 148, 149, 159 ff.

Rhabdites 66, 200

Rhabdocoela 10, 71, 172, 210, 222,

256, 258

Rhamnites 200

Rhiza 117

Rhizocephala 346

Rhizoflagellata 359

Rhizopoda 329, 351, 358, 361, 362,

453, 458

Rhopalium 133, 136

Rhynchocoel 398, 399

Rotatoria 147, 213, 272, 292, 395,

460

Rotmuller 306, 354, 355

Rugosa 185

Ruminantia 294

Sacarao 35

Sachwatkin 25, 26, 77, 206, 311,

329, 359, 361

Sack gonade 150

Saprophyta 354

Sarcosepta 31, 32, 102, 118, 122, 149,

150, 151 ff.

Saville-Kent 6, 276

Scappus 160

Schaudinn 283

Schimkewitch 389

Schindewolf 31, 32, 98, 245

Schizocoela 408, 463

Schmalhausen 379, 380

Schneider K. C. 119, 121, 125, 131,

393, 425

Schulze 215

Sclerosepta 31, 32, 180, 182, 184
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Scolecida 395

Scolex 57, 58

Scyphopolyp 118, 124, 166, 198

Scyphomedusae 16, 31, 67, 88, 118,

124, 131, 133 ff.

Scyphostoma 90, 99, 156, 233

Scyphozoa 32, 39, 71, 72, 76, 90, 91,

95, 96, 97, fF.

Scyphyla 80

Sedgwick 103, 249, 253, 276, 404

Segmentation 385, 392, 399, 420,

427, 435, 449

Self fertilization 290

Semaeostomata 284

Semper 442

Semper' s larvae 208

Senna 263

Septa 231

Septal apparatus 122, 230

Sessil way of life 339

Sidonia 190

Siphonales 316, 330

Siphonanthes 161

Siphonoglyphe 102, 170, 230

Siphonophora 61, 67, 72, 73, 89, 90,

92-94, 101 ff.

Siphonosome 161

Siphonula 162, 262, 263, 266

Siphozooid 109

Sipunculoidea (Sipunculus) 271, 296,

400, 415, 420, 425, 426, 429-437 ff.

Solenia 117, 164

Solenocyte 442

Sollas 1, 331, 369, 371

Spadella 433, 437

Spermatozoa 282, 290, 295-297

Sphaeries 314

Spiralia 35, 414

Spirocyte 202

Spongiae 1-3, 5-8, 21, 25, 52, 67,

124, 144, 164 ff.

Spongiaria 25, 255, 319, 333, 391

Spongicola 183

Spongilidae 322

Spongula 3, 7, 333, 370

Spora 306

Sporosac 53

Sporozoa 53, 314, 357, 458

Statocyst 133

Stauromedusae 123, 235

Stechow 241, 242

Steenstrnpia 64

Steinbock 24, 35, 120, 129, 181, 196,

210, 212 ff.

Steiner 384, 408, 452-455

Stephanoscyphits 108, 117, 149, 183

Stephanopogon 305

Stereoblastula 206

Stereogastrula 211

Sternaspis 420

Stolon 218

Stolonifera 194, 232

Stomodaeum 167

Stomotoca 64

Strobilation 128, 149, 156, 216

Stylasteridae 196

Styloid 92

Subcellular state 357

Subepithelium 115

Suctoria 97, 215, 362

Suitcase theory 80, 249

Svabenik 406

Swedmark 95

Swezi 203

Symbionts 72

Symbiosis 225

Symphyla 416

Syncaryon 281

Syncoelomata 390

Syncoryne 63

Syncytial state 315, 317

Syncytium 197, 212, 213, 307, 309,

312, 314 ff.

Syngamy280, 282, 285, 290

Synthetitim 220

Syzygy 290
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Tadpole 452, 456

Taeniolae 96, 117, 118, 180, 182,

188, 230

Taku Komai 12

Tardigrada 272, 390, 402, 412-414,

416, 423

Teissier 95

Telestacea 232

Teloblasts 326

Telosporidia 357

Temnocehala 14, 20, 70, 140,

192, 256

Temmcepbala sp. 70

Tentaculata 270, 296, 405, 408, 409,

425, 426

Terminal budding 218

Tetrabranchiata 42, 394

Tetracorallia 184

Tetramery 184, 186, 404

Tetrapoda 440, 455, 457

Tetraposthis 146

Thaliacea 214, 312

Thaloidea 355

Theca 194

Thecata 110, 159, 195, 220, 222, 237,

239, 242

Thysanoplana 179

Thysanor^oon 181

Tialfiella 85

Tiaropsis 134

Tornaria 451

Totton 160

Trachelocerca 305

Trachomedusae 92, 209, 236

Trachylina 90, 92, 123, 159, 189, 203,

236, 240

Trematoda 72, 147, 192, 244, 296,

367, 395, 460

Trichocysts 66, 199

Tricladida 71, 180

Trilobita 416

Trimeria 425

Trimetry 401, 404, 453

Triploblastic system 328

Triploblastica 75, 79, 324, 374, 375,

384

Trochophora 38, 39, 40, 60, 342, 421,

452, 463, 464

Tubularia 92, 174, 263, (larva)

Tubulariidae 89, 107, 172, 209, 242,

265

Tunicata 14, 36, 123, 196, 214, 296,

346, 439 ff.

Turbella 196

Turbellaria 9, 13-19, 22, 23, 31, 37,

41, 52, 62, 70, 71, 81, 85, 115, 119,

122, 123, 126, 128, 132-137 ff.

Turbellores 453

Turner 289, 297

Turritopsis 213

Tuzet 1-4, 124, 331, 332, 370

Typical budding 218

Uchida 108, 234

Udonelloidea 395

Ulrich 247, 357, 426

Umbrella 119, 133, 135, 188

Undulipodia 48, 52, 120, 142, 358

Unicellularia 30, 355

Urcoelenterata 83

Urna 436

Urodela 443

Us 82, 85

Vanderbroeck 455

Vanhoffen 235, 263

Veliger larva 41

Velum 119, 134

Vermes 379, 393, 432

Vermidia 425

Vertebrata 37, 49, 68, 69, 75, 145,

325, 328, 333, 348, 350, 421 ff.

Vesiculatae 134

Vitellarium 147
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Volvocales 306, 365

Volvocidae 168

Vohox 2, 4, 7, 49, 279, 286, 322, 323,

325, 330, 372

Vorticidae 168

Xanthellae 222

Xenophyophora 356

Xenoturbella 252, 296

Xiphosura 416

Wacke 70

Wandering of cnidocyts 15

of sex cells 151

Wattson's rule 68, 69, 70, 106, 300,

348, 448

Weill 202, 203

Weismann 114, 151

Wessenberg 285, 362

Westblad 140, 314

Wietrzkowski 193

Will 202

Wilson 334

Willey 442

Wolf 115, 125

Wulfert 263

Zalokar 110

Zawarsin 336

Zenkewitch 52

Zimmermann 344

Zoa 355

Zoaea 355

Zoantharia 209, 232, 263, 264

Zoanthella 209

Zoanthina 209, 263

Zoochlorellae 72, 222

Zooflagellata 49, 284, 285, 286, 333,

364

Zoomastigina 392

Zoophyta 74, 99, 246

Zooxanthellae 72, 222, 223, 224

Zygoneura 424

Zygote 284, 293, 305, 306, 320, 335
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